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Capsicum gОnus (SolanacОaО) is nativО to thО AmОricas. ToНay, it is an important agricultural crop cultivatОН arounН thО worlН, not only НuО to its Оconomic 
importancО, but also for thО nutritional valuО of thО fruits. Among thОir phytochОmical constituОnts, capsaicinoiНs arО charactОristic anН rОsponsiblО of thО 
pungОncy of sharp-tasting cultivars. εorОovОr, Capsicum anН capsaicinoiНs (mainly, capsaicin) havО bООn largОly stuНiОН bОcausО of thОir hОalth bОnОfits. 
Thus, this stuНy rОviОws thО sciОntific knowlОНgО about Capsicum spp. anН thОir phytochОmicals against cancОr, НiabОtОs, gastrointОstinal НisОasОs, pain, anН 
mОtabolic synНromО, as wОll as thОir antioxiНant anН antimicrobial activity. ThОsО bioactivitiОs can bО thО basis of thО formulation of functional ingrОНiОnts anН 
natural prОsОrvativОs containing Capsicum Оxtracts or isolatОН compounНs. 
 





εОНicinal plants arО consiНОrОН as significant natural rОmОНiОs for 
thО trОatmОnt of various НisОasОs [1-7]. Natural proНucts of highОr 
plants bО potОntial proviНО a nОw sourcО of curativО agОnts with 
maybО novОl mОchanisms of activity [κ-11]. 
 
Capsicum spp. arО popular vОgОtablОs grown anН consumОН 
throughout thО worlН [1β]. ThОy bОlong to thО family SolanacОaО 
that comprisОs λ0 gОnОra anН β000 spОciОs. This plant family is 
nativО to thО AmОricas, anН incluНОs vОgОtablОs such as pОppОr, 
tomato, anН potato [1γ]. In fact, chili pОppОrs (also chilО pОppОr, 
chilli pОppОr, or simply chilli) arО thО olНОst crops cultivatОН by 
NativО AmОricans bОtwООn 5β00 anН γ400 BC [14]. εorОovОr, 
Capsicum spp. havО bООn usОН in traНitional mОНicinal practicОs 
sincО prО-Hispanic timОs from AztОcs anН εayans. ToНay, this 
gОnus is cultivatОН in various rОgions of thО worlН incluНing 
tropical, subtropical anН tОmpОratО rОgions of Africa, Asia, anН 
AmОrica, as wОll as thО εОНitОrranОan basin, thanks to its Оconomic 
importancО, anН thО nutritional valuО of thО fruits (TablО 1). Among 
thО fivО rОcognizОН cultivatОН spОciОs of this gОnus arОμ C. chinense, 
C. annuum, C. pubescens, C. baccatum, anН C. frutescens [15, 16]. 
PОppОrs arО a gooН sourcО of vitamins C anН E, provitamin A, 
carotОnoiНs, as wОll as phОnolic compounНsν all thОsО componОnts 
arО rОlatОН to thО total antioxiНant activity of this plant fooН, anН its 
bioactivО propОrtiОs [1γ]. ThО most charactОristic phОnolic 
НОrivativОs founН in pОppОr fruits is capsaicinoiНs (vanillylaminО 
linkОН with a branchОН-chain fatty aciН), such as capsaicin anН 
НihyНrocapsaicin (FigurО 1), which arО rОsponsiblО for λ0% of thО 
pungОncy of pОppОrs [17]. ThО НОgrОО of pungОncy НОpОnНs on thО 
Capsicum spОciОs anН cultivar. ThО contОnts of thОsО compounНs 
may vary bОtwООn unНОtОctablО in cОrtain non-pungОnt cultivars to 
664 mg/100 g, in pungОnt onОs, rОspОctivОly [1κ]. ThО capsinoiНs 
capsiatО anН НihyНrocapsiatО, two non-pungОnt analoguОs of 
capsaicin anН НihyНrocapsaicin rОspОctivОly, havО also bООn 
НОscribОН in Capsicum spp. [1λ]. OthОr phОnolic compounНs arО 
flavonols anН flavonО glycosiНОs as wОll as hyНroxycinnamic aciНs 
[1γ]. 
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SomО of thО hОalth bОnОfits rОlatОН to Capsicum ssp. consumption 
as part of a normal НiОt or rОlatОН to its bioactivО mОtabolitОs arО 
shown in FigurО 1. ThОsО bioactivitiОs arО rОviОwОН hОrО in thО 
subsОquОnt sОctions.  
 




















WatОr (g) κ.05 λγ.κλ κ7.74 λβ.0β
ProtОin (g) 1β.01 0.κ6 β.00 1.00
EnОrgy (kcal) γ1κ β0 40 β7
CarbohyНratО (g) 56.6γ 4.64 λ.46 6.γβ
Calcium (mg) 14κ 10 1κ 11
Phosphorus (mg) βλγ β0 46 β4
SОlОnium (たg) κ.κ 0.0 0.5 0.γ
Iron (mg) 7.κ0 0.γ4 1.β0 4
SoНium (mg) γ0 γ 7 β
CoppОr (mg) 0.γ7γ 0.066 0.γ0 0.107
Potassium (mg) β014 175 γ40 β1β
Fatty aciНs, total saturatОН (g) γ.β60 0.05κ 0.0β1 0.0γ1
Fatty aciНs, total 
monounsaturatОН (g) β.750 0.00κ 0.011  
Total lipiНs (fat) (g) 17.β7 0.17 0.β0 0.β1
Ash (g) 6.04 0.4γ 0.60 0.45
Niacin (mg) κ.701 0.4κ0 0.λ50 0.κλ0
Vitamin C, total ascorbic (mg) 76.4 κ0.4 β4β.5 1κγ.5
Thiamin (mg) 0.γβκ 0.047 0.0λ0 0.0βκ
Vitamin B-6 (mg) β.450 0.ββ4 0.β7κ 0.16κ
CarotОnО, bОta (mg) β1.κ4 0.β0κ 0.671 0.1β0
Cryptoxanthin, bОta (mg) 6.β5β 0.007 0.050 
aComposition Нata obtainОН from thО National NutriОnt DatabasО for 
StanНarН RОfОrОncО RОlОasО βκ, USDA FooН Composition НatabasО 
(httpsμ//nНb.nal.usНa.gov/nНb/ν accОsОН 1κ/11/β017)ν  
bSciОntific namОμ Capsicum frutescens or Capsicum annuum. 
cSciОntific namОμ Capsicum annuum. 
НSciОntific namОμ Capsicum frutescens. 
 
 
Figure 1. ExamplО of hОalth bОnОfits of thО consumption of Capsicum spp 
 
Capsaicin is thО most stuНiОН bioactivО compounН of Capsicum. It 
is consiНОrОН safО in a normal Нaily intakО. Its lОthal НosО (δD50) 
ОstimatОН in humans is bОtwООn 0.5–5 g capsaicin/kg (arounН 
50,000 mg pОr pОrson) [β1]. HowОvОr, it is known that capsaicin 
prОsОnt in hot variОtiОs can causО skin irritation anН ОНОma. Also, it 
can proНucО ОyО irritation anН causО cornОal lОsions in rats anН 
micО. Inhalation causОs bronchoconstriction, coughing, nausОa, anН 
loss of coorНination in thО uppОr boНy. ExposurО to capsaicinoiНs 
may rОsult in tОmporary blinНnОss, lacrimation, burning sОnsation, 
pain anН skin rОНnОss, nasal irritation as wОll as НyspnОa. ThОsО 
ОffОcts can bО avoiНОН using non-pungОnt pОppОrs. 
Cultivation of Capsicum species 
Capsicum is a cool sОason crop, but Capsicum can bО grown 
throughout thО yОar unНОr controllОН tОmpОraturО anН moisturО 
conНitions. ThО avОragО Нay tОmpОraturО rОquirОmОnt is β5-γ0°C 
anН night tОmpОraturО 1κ-β0°C with rОlativО humiНity of 50- 60%. 
This crop is tОmpОraturО sОnsitivО if thО tОmpОraturО risОs abovО 
γ5ºC or falls bОlow 1βºC, it will havО aНvОrsО ОffОcts [ββ, βγ]. ThО 
yiОlН of grООn capsicum НОpОnНs upon variОty anН sОason, gОnОrally 
it yiОlНs β0-40 tons pОr hОctarО in about 4-5 months, whОrОas in 
grООn housО this yiОlН is κ0-100 tons pОr hОctarО but thО Нuration of 
crop is 7-10 months [1β]. For gooН proНuction it is vОry important 
that thО soil is propОrly plowОН to proviНО a finО tilth. RaisОН bОНs 
of sizО λ0-100 cm wiНО anН 15-ββ cm hОight arО formОН. εorОovОr, 
organic manurО at thО ratО of β0-β5 kg/mβ must bО mixОН with soil 
bОforО cultivation. OnО application is sufficiОnt to grow thrОО 
capsicum crops succОssivОly [1β]. 
 
ProНuctivity of capsicum is affОctОН by soil solarization, organic 
fОrtilizОr anН ОnНomycorrhizaО [β4, β5]. PropОr НОvОlopmОnt of 
plants, flowОrs, anН fruits can bО achiОvОН by aННing organic 
fОrtilizОr [β6]. ThО aННition of organic fОrtilizОr not only rОНucОН 
thО cost of chОmical fОrtilizОr but also rОsultОН in thО proНuction of 
supОrior quality fruit [β7, βκ]. ThО aННition of organic fОrtilizОr in 
capsicum fiОlН rОsultОН in significant incrОasО in soil carbon, 
nitrogОn, pH, cation ОxchangО capacity, anН ОxchangОablО Ca, εg, 
anН K which invariably ОnhancО crop yiОlН anН proНuctivity of 
pОppОr [βλ]. HowОvОr, combination of sunlight anН organic 
fОrtilizОrs has positivО ОffОct on crop proНuctivity. ThО pH 
rОquirОmОnt is 6-7 for gОtting thО high proНuction. ThО yiОlН of 
sОvОral crops is ОnhancОН by vОsicular arbuscular mycorrhizal fungi 
[γ0-γβ]. ThОy arО important in Оcological agriculturО bОcausО of thО 
bОnОfits thОy proviНО to thО majority of cultivars anН thО 
consОrvation of thО ОnvironmОnt by acting as biofОrtilizОrs, 
biological protОctors, anН biological control agОnts [γγ] . 
 
ThО most important issuО in cultivation of Capsicum is thО high 
suscОptibility of thО crop to a numbОr of microorganisms, virusОs 
anН insОcts [γ4]. ThО common НisОasОs of Capsicum arО root rot, 
bactОrial lОaf spot, lОaf curl, mosaic, sООНling Нamping off anН pОsts 
attacking fruits. ThО suscОptibility of thО plants variОs with climatО, 
location anН timО. SuscОptibility of Capsicum anН mosaic inciНОncО 
rОportОН from 70-λ0 %. HowОvОr, lОaf curl is rОportОН to bО thО 
most НОvastating НisОasО for Capsicum. ThО НamagО of crops НuО to 
pathogОn attack can causО complОtО loss [γ5]. HОncО, thО arОas with 
high rainfall anН humiНity arО not suitablО for its cultivation bОcausО 
thОy promotО foliar НisОasОs. εorОovОr thО arОas with high winН 
vОlocity arО not suitablО bОcausО thОy coulН ОnhancО maintОnancО 
cost of thО structurО.  ThО most rОcommОnНОН soil for capsicum is 
wОll НrainОН sanНy loam soil with gooН pОrcolation [γ6]. 
 
TraНitional mОthoНs arО rОcommОnНОН to combat thО sОquОntial or 
simultanОous infОctious НisОasОs causОН by microbОs anН pathogОn 
trОatmОnt with chОmicals starting with sООН, soil anН pОrioНic 
spraying Нuring growth, maturation anН ripОning [γ7, γκ]. 
IНОntification of rОsistant variОtiОs anН brООНing for НisОasО-rОsistant 
variОtiОs is in practicО worlНwiНО for Capsicum cultivation. ThО 
purО linО progОny sОlОction has bООn ОmployОН for gОnОtic 
upgraНing of Оconomic attributОs of Capsicum [γ5]. 
 
Phytochemical composition of Capsicum plants 
PОppОr (C. annuum δ.) has bООn known to curО various 
НОgОnОrativО human НisorНОrs НuО to thО prОsОncО of bioactivО 
compounНs [γλ, 40]. BОll pОppОrs (also known as swООt pОppОr or 
pОppОr) arО a significant sourcО of phОnolic compounНs such as 
quОrcОtin, lutОolin, anН capsaicinoiНs [41-4γ]. ThОsО phОnolic 
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compounНs proviНО protОction against cancОr insurgОncО, НiabОtОs, 
oxiНativО strОss, carНiovascular НisОasОs, anН nОural НisorНОrs such 
as Parkinson’s anН AlzhОimОr’s НisОasО [γλ, 41, 44]. 
 
C. annuum can bО consumОН frОsh or procОssОН, as prОsОrvОs, 
saucОs, or НОhyНratОН powНОr. It is an important sourcО of nutriОnts, 
such as provitamin A (carotОnО), vitamin C (ascorbic aciН), 
chlorophyll, carotОnoiНs, tocophОrols anН calcium in thО human НiОt 
[45, 46]. CapsaicinoiНs (FigurО β) arО Оxhibits sОvОral applications 
in fooН anН pharmacy. AННitional capsaicinoiНs consist of 
НihyНrocapsaicin, homoНihyНrocapsaicin, norНihyНrocapsaicin, 
norcapsaicin, homocapsaicin, anН nornorcapsaicin [47]. 
CapsaicinoiНs arО compounНs charactОristic in pungОnt pОppОr, 
which is normally consumОН in South AmОrica. NОvОrthОlОss, a 
rОcОnt stuНy on thrОО НiffОrОnt non-pungОnt variОtiОs, ‘Italian 
SwООt’ (grООn pОppОr), ‘δamuyo’ (yОllow pОppОr), anН ‘California 
wonНОr’ (rОН pОppОr) showОН that thО main phОnolic classОs arО 
glycosiНО НОrivativОs of flavonoiНs, such as quОrcОtin γ,7-Нi-O-g-δ-
rhamnopyranosiНО anН narigОnin-7-O-く-D-(γギ-p-coumaroyl)-
glucopyranosiНО [1γ] . OthОr compounНs of non-pungОnt cultivars 
of C. annuum arО capsiatО, НihyНrocapsiatО, anН norНihyНrocapsiatО 
[4κ] (FigurО β). 
 
Figure 2. ExamplОs of chОmical structurОs of capsaicinoiНs anН capsinoiНsμ 
capsaicin (1), НihyНrocapsaicin (β), capsiatО (γ), anН НihyНrocapsiatО (4). 
 
BОll pОppОr changОs its color from grООn to yОllow anН rОН, whilО 
ripОning. Chlorophyll anН carotОnoiНs arО thО major phytochОmicals 
rОsponsiblО for grООn color [4λ], whilО compounНs such as g- anН く-
carotОnО, zОaxanthin, lutОolin anН く-cryptoxanthin arО rОsponsiblО 
for thО yОllow color in bОll pОppОr [1λ]. ThО rОН color of bОll pОppОr 
is mainly НuО to thО prОsОncО of capsanthin, capsorubin anН 
capsanthin-5,6-ОpoxiНО [50]. ThО concОntrations of bioactivО 
compounНs in C. annuum is significantly affОctОН by НiffОrОnt 
maturity stagОs [4λ, 50]. 
 
ThОrО arО НiffОrОnt typОs of mОtabolitОs prОsОnt in C. annuum such 
as four quОrcОtin glycosiНОs namОly quОrcОtin γ-O-rhamnosiНО-7-O-
glucosiНО, quОrcОtin γ-O-rhamnosiНО, anН quОrcОtin γ-O-glucosiНО-
7-O-rhamnosiНО with rhamnosiНО-glucosiНО attachОН ОithОr at thО 
C-γ or C-7 position. FurthОrmorО, fivО lutОolin C-glycosiНОs, 
lutОolin κ-C-hОxosiНО, lutОolin 6-C-hОxosiНО, lutОolin 6-C-
hОxosiНО-κ-C-pОntosiНО, lutОolin 6-C-pОntosiНО-κ-C-hОxosiНО, anН 
lutОolin 6,κ-Нi-C-hОxosiНО along with two lutОolin O-glycosiНОs, 
lutОolin 7-O-(β-apiosyl)-glucosiНО, anН lutОolin (apiosyl-acОtyl)-
glucosiНО havО also bООn iНОntifiОН in thО pОricarp of pОppОr fruits. 
In aННition, two apigОnin C-glycosiНОs wОrО also iНОntifiОН as 
apigОnin 6-C-pОntosiНО-κ-C-hОxosiНО anН apigОnin 6,κ-Нi-C-
hОxosiНО [51]. StructurОs of C-glycosiНОs isolatОН from pОppОr fruit 
(C. annuum δ., var. CapОl Hot) arО lutОolin 6-C-glucosiНО, lutОolin 
6,κ-Нi-C-glucosiНО anН apigОnin 6-C-glucosiНО-κ-C-arabinosiНО 
[5β]. ThО composition of polyphОnols mainly variОН with gОnОtics, 
НОvОlopmОntal stagО anН ОnvironmОntal conНitions [5γ]. 
 
Traditional medicinal use of Capsicum genus 
NativО from εОxico anН CОntral AmОrica, Capsicum spp. havО 
bООn usОН in traНitional mОНicinО practicОs sincО prО-Hispanic timОs 
from AztОcs anН εayans, which is wОll НocumОntОН in sОvОral 
coНicОs. ThО most important of thОm is consiНОrОН Libellus de 
Medicinabilus Indorum Herbtis (δittlО book of thО mОНicinal hОrbs 
of thО InНians) writtОn by thО inНigОnous mОНicinО man εartin НО la 
Cruz in 15ββ [54]. At thО bОginning of thО β0th cОntury, stuНiОs of 
thО botanical pharmacopОia of thО inНigОnous εayan inhabitants of 
εОsoamОrica rОportОН approximatОly γβ НiffОrОnt hОalth-rОlatОН 
usОs of Capsicum spp. [55], incluНing trОatmОnt for arthritis, 
rhОumatism, stomach achОs, skin rashОs as wОll as for allОviating 
Нog anН snakО bitОs. HowОvОr, thО usО of Capsicum fruits is not 
ОxclusivОly from δatin AmОrica, anН thОir mОНicinal usОs havО bООn 
sprОaН worlНwiНО along with thОir consumption anН cultivation. 
HОncО, Capsicum fruits arО mОntionОН in a classic tОxt of thО 
TibОtan mОНical traНition, thО “BluО BОryll” to incrОasО thО 
НigОstivО warmth of thО stomach anН as mОНication for thО 
allОviation of ОНОma, hОmorrhoiНs, parasitic protozoa, anН lОprosy 
[56]. FurthОrmorО, in Africa thОy arО consiНОrОН as antispasmoНic, 
pulmonary НisinfОctant, countОr-irritant anН antitussivО agОnts [57]. 
In gОnОral, Capsicum fruits arО appliОН topically in pain НisorНОrs, 
nОuropathy, clustОr hОaНachО, migrainО, psoriasis, trigОminal 
nОuralgia anН hОrpОs zostОr. Also, it has bООn usОН to trОat 
НyspОpsia, loss of appОtitО, flatulОncО, athОrosclОrosis, strokО, hОart 
НisОasО, anН musclО tОnsion [5κ]. ToНay, thО fruits, frОsh or НriОН, 
arО consumОН Нaily by a quartОr of thО global population as spicОs, 
fooН supplОmОnts, anН aННitivОs.  
 
Food preservative applications of plants of the genus Capsicum  
ToНay’s consumОrs arО focusОН on thО typОs of ingrОНiОnts that arО 
usОН in fooНs for flavoring, coloring anН prОsОrvation [5λ-65]. To 
avoiН thО stigma of complОx chОmical namОs, fooН companiОs arО 
sООking altОrnativОs to thО usО of complОx prОsОrvativОs. ConsumОrs 
want “clОan labОls” anН proНucts that Нo not contain traНitional 
chОmical prОsОrvativОs. 
 
ThОrО is an incrОasing trОnН to usО natural bioingrОНiОnts in fooН for 
prОsОrvation, ОxtОnsion of shОlf-lifО, anН microbial safОty [66-70]. 
SpicОs havО founН application in a wiНО rangО of fooНs НuО to thО 
ОxtОnsivО array of phytochОmicals thОy possОss. GingОr, allspicО, 
pОppОr, nutmОg, clovОs, cОlОry, lОavОs, chivОs, anН pОppОr arО just a 
fОw spicОs proНucОН through thО worlН. Capsaicin, thО major 
chОmical compounН founН in pungОnt pОppОrs, is rОportОН to havО 
antimicrobial activity against Gram-nОgativО anН Gram-positivО 
spoilagО anН pathogОnic bactОria [71]. As inНicatОН ОlsОwhОrО in 
this rОviОw, capsaicin contributОs to thО pungОncy of pОppОrs, which 
can limit application in cОrtain fooН systОms. 
 
ThО antimicrobial activity of pОppОrs was thought to bО strictly 
associatОН with capsaicin anН НihyНrocapsaicin, although rОsОarch 
suggОsts this may not bО thО casО [7β].  Antimicrobial activity of 
capsaicin, НihyНrocapsaicin anН chrysoОriol isolatОН from thО 
acОtonitrilО Оxtract of C. frutescens was tОstОН against sОvОn 
microorganismsμ Escherichia coli, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Enterococcus faecalis, Bacillus subtilis, 
Staphylococcus aureus, anН Candida albicans. Surprisingly, unНОr 
thО conНitions ОvaluatОН, chrysoОriol showОН thО grОatОst activity 
against all microorganisms ОvaluatОН with an εIC of ≤1 µg/mδ 
[7γ]. In a furthОr Оffort to aННrОss this issuО, subfractions of cruНО 
jalapОño Оxtract wОrО collОctОН anН ОvaluatОН for antimicrobial 
activity against Listeria monocytogenes, Salmonella enterica 
BailНon, anН E. coli O157μH7. Of thО fractions collОctОН thОy 
consistОntly inhibitОН growth of L. monocytogenes, haН no ОffОct on 
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ThО fractions that ОxhibitОН thО grОatОst activity wОrО matchОН to 
capsianosiНОs, which arО acyclic НitОrpОnО glycosiНОs. ThОsО stuНiОs 
arО not ОntirОly contraНictory anН НОmonstratО that sОvОral 
compounНs proНucОН by Capsicum plants Оxhibit antimicrobial 
activity. 
 
RathОr than invОstigatО thО antimicrobial action of spОcific 
componОnts, thrОО habañОro chili saucОs wОrО usОН НirОctly in a 
wОll-Нilution assay [75]. E. coli, Bacillus thuringiensis, Yersinia 
enterocolitica, anН Salmonella enterica subsp. typhimurium wОrО 
inoculatОН into wОlls containing chili saucО anН εuОllОr-Hinton 
broth. At thО highОst concОntration (1μγ Нilution) of chili saucО, Y. 
enterocolitica anН S. enterica wОrО complОtОly inhibitОН, whilО thО 
growth of E. coli anН B. thuringiensis was not influОncОН. 
 
RОsОarch clОarly suggОsts that various phytochОmicals of pОppОrs 
Оxhibit antimicrobial activity. ThО coupling of capsaicin, 
НihyНrocapsaicin anН chrysoОriol with antimicrobial compounНs 
НОrivОН from othОr plants or microbiological sourcОs may provО 
morО ОffОctivО anН mitigatО somО nОgativО aspОcts of Capsicum 
plant-НОrivОН compounНs linkОН to pungОncy. εorОovОr, novОl 
mОthoНs of fooН procОssing, incluНing high prОssurО procОssing 
(HPP), pulsОН light, anН UV-light, arО bОcoming morО common to 
control pathogОns. Utilization of Capsicum НОrivОН compounНs with 
procОssing mОthoНs that Нo not influОncО organolОptic qualitiОs of a 
fooН must bО consiНОrОН. ExamplОs of this typО of hurНlО 
tОchnology procОssing arО rich in litОraturО, but using othОr typО of 
natural proНucts. As an ОxamplО, thО compounН nisin was usОН in 
combination with HPP to control thО thОrmoaciНophilic anН sporО-
forming bactОrium, Alicyclobacillus acidoterrestris, in applО juicО 
[76]. ThО invОstigators НОmonstratОН that using prОssurО of β00 
εPa for 45 min with a nisin concОntration of β50 IU/mδ ОnablОН 
total sporО inactivation (ovОr 6 log). Although thО timО rОquirОmОnt 
of thО procОss woulН bО prohibitivО for commОrcial usО, thО stuНy 
НОmonstratОs thО proof-of-concОpt. 
 
A major global concОrn is thО prОvalОncО of antibiotic rОsistant 
fooНbornО pathogОns. SomО consumОrs arО concОrnОН that thО usО 
of fooН prОsОrvativОs, sanitizОrs anН othОrs typОs of antimicrobials 
by thО fooН inНustry contributОs to thО НОvОlopmОnt of antibiotic 
rОsistant bactОria. RОsОarchОrs invОstigatОН thО synОrgistic ОffОct of 
capsaicin anН ciprofloxacin on S. aureus [77] showing that thО εIC 
of ciprofloxacin was rОНucОН β to 4 folН in thО prОsОncО of 
capsaicin. 
 
ThО antimicrobial action of Capsicum phytochОmicals is typically 
ОvaluatОН unНОr in vitro conНitions. HowОvОr, thОsО stuНiОs may not 
translatО to activity in a complОx fooН matrix. Thus, rОsОarch 
invОstigatОН thО inhibitory ОffОct of Оxtracts from Capsicum against 
S. typhimurium anН P. aeruginosa inoculatОН in mincОН bООf. A 
concОntration of ml/100 g of mОat showОН a bactОriciНal ОffОct for 
P. aeruginosa, whОrОas mδ/100g of mОat inactivatОН Salmonella. 
IntОrОstingly, combining thО Capsicum Оxtract with soНium chloriНО 
(1%, w/w) was only bОnОficial against P. aeruginosa [7κ]. ThО 
antimicrobial charactОristics of swООt anН hot pОppОr Оxtracts wОrО 
ОvaluatОН for controlling spoilagО anН pathogОnic bactОria 
associatОН with FassiОkh (wОt-saltОН fОrmОntОН fish) proНucts. ThО 
rОsОarch НОmonstratОs that Оxtracts from hot pОppОr wОrО 
significantly (P <0.001) morО ОffОctivО in rОНucing thО population 
of spoilagО bactОria on FassiОkh ovОr a 4-Нay pОrioН [7λ]. 
 
ThО antimicrobial moНО of action of Capsicum-НОrivОН compounНs 
is not clОarly ОluciНatОН.  εorОovОr, thО accumulation of pyruvic 
aciН anН thО rОНuction of ATP НОmonstratОН that thО Оxtract 
influОncОs cОll mОmbranО pОrmОability, anН bactОrial rОspiratory 
mОtabolism, which ultimatОly lОaНs to НОath. NОvОrthОlОss, moНО-
of-action stuНiОs nООН to bО ОxpanНОН to incluНО a grОatОr variОty of 
microorganisms (bactОria, yОast anН molНs). 
 
ComplОxing compounНs such as capsaicin with othОr molОculОs to 
makО morО ОfficiОnt НОlivОry systОms (e.g., microcapsulОs) may 
broaНОn fooН application potОntial [κ0], ОspОcially for proНucts in 
which pungОncy is not a НОsirablО attributО. AННitionally, 
Capsicum-НОrivОН Оxtracts coulН bО usОН in activО packaging 
systОms. AchiОving grОatОr usО of Capsicum-НОrivОН Оxtracts for 
fooН prОsОrvation by thО fooН inНustry rОquirОs grОatОr rОsОarch 
НОmonstrating Оfficacy in complОx fooН systОms anН НОmonstration 
of cost ОffОctivОnОss. 
 
Biological activities of Capsicum plant extracts and their 
constituents: Potential as a functional ingredient 
 
Antioxidant activity 
Among Capsicum phytochОmicals, carotОnoiНs works as coloring 
compounНs in pОppОrs anН Оxhibits a significant rolО to proviНО 
protОction against cОlls anН tissuОs from harmful rОactivО oxygОn 
spОciОs (ROS), acting as scavОngОrs of singlОt molОcular oxygОn, 
pОroxyl raНicals, anН rОactivО nitrogОn spОciОs (RNS). NonОthОlОss, 
much of thО total antioxiНant activity of Capsicum spp. is rОlatОН to 
its phОnolic contОnt, not only to its vitamin anН carotОnoiН contОnt 
[1γ]. GОnОrally, in C. annuum, C. frutescens, anН C. chinense, thО 
concОntration of antioxiНants constituОnts (carotОnoiНs, flavonoiНs, 
phОnolic aciНs, anН ascorbic aciН) incrОasОs Нuring fruit maturation 
togОthОr with thО antioxiНant activity НОtОrminОН in vitro [κ1]. 
εorОovОr, thО antioxiНant activity of Capsicum is highОr comparОН 
to othОr vОgОtablОs. In this sОnsО, a rОcОnt stuНy by εoralОs-Soto et 
al. (β01γ) showОН that, among 44 cultivars of fruits anН vОgОtablОs 
grown in AnНalusia (Spain), rОН ‘California’ pОppОr (4.550–1γ.κ10 
mmol Оq. Trolox/100 g), ‘Fino’ lОmon (11.560–14.γ40 mmol Оq. 
FОSO4/100 g), anН rОН onion (β.λβ1–1γ.κγ0 mmol Оq. Trolox/100 
g) ОxhibitОН thО highОst antioxiНant capacity in thО TEAC (trolox 
ОquivalОnt antioxiНant capacity), FRAP (fОrric ion rОНucing 
antioxiНant powОr), anН ORAC (oxygОn raНical absorbancО 
capacity) assays, rОspОctivОly. As a notО, this rОН pОppОr is a non-
pungОnt anН its main constituОnts arО hyНroxycinnamic aciНs, anН 
flavonoiН glycosiНОs [1γ]. HowОvОr, a potОntial pro-oxiНant ОffОct 
of Capsicum flavonoiНs may occur in thО prОsОncО of mОtal ions in 
somО ОxpОrimОnts [κ1]. Capsaicin has also shown an antioxiНant 
potОntial comparablО to that of butylhyНroxyanisolО (BHA), bОing 
ablО to protОct thО oxiНation of human low НОnsity lipoprotОin 
(δDδ), inhibit coopОr ion-inНucОН lipiН pОroxiНation НОcrОasing thО 
formation of thiobarbituric aciН rОactivО substancО (TBARS) [κβ]. 
AnothОr stuНy suggОstОН that thО main antioxiНant compounНs from 
rОН hot pОppОr fruit (C. annuum) arО sinapoyl anН fОruloyl 
glycosiНОs, anН thО main compounН from grООn pОppОr is quОrcОtin-
γ-O-δ-rhamnosiНО, togОthОr with capsaicin anН НihyНrocapsaicin 
[5γ]. 
 
SОvОral stuНiОs havО ОxaminОН thО antioxiНant activity of Capsicum 
spp. on human cОlls. In this contОxt, lipiН pОroxiНation inНucОН by 
ascorbic aciН anН fОrrous sulfatО in ОrythrocytО mОmbranОs was 
founН to bО inhibitОН by activО principlОs of C. annuum, suggОsting 
a НОfОnsivО mОchanism against frОО raНicals anН a protОctivО ОffОct 
on ОrythrocytО intОgrity [κγ]. ThО phОnolic glycosiНОs isolatОН from 
C. annuum fruit anН thОir aglyconОs wОrО ОxaminОН accorНing to 
thОir antioxiНant activitiОs anН thОir protОctivО abilitiОs against X-
raНiation on human cОll lymphocytОs, showing that phОnolic 
glycosiНОs prОsОnt highОr X-ray raНioprotОctivО activitiОs than thОir 
aglyconОs [κ4]. AnothОr stuНy ОxaminОН thО antioxiНant propОrtiОs 
of НiffОrОnt fraction of mОthanolic Оxtract of unripО fruit part of thО 
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C. annuum var. conoides plant [κ5]. This stuНy showОН a НosО-
rОsponsivО inНuction for antioxiНant propОrtiОs of somО fractions, 
which may bО potОnt natural antioxiНant supplОmОnts for anti-oral 
cancОr cОll trОatmОnt through thОir obsОrvОН ОffОct on НОcrОasing 
cОll viability of human oral cancОr cОlls (Caλ-ββ) [κ5]. AnothОr 
stuНy showОН that capsaicin НirОctly inhibits thО growth of human 
lОukОmic cОlls through oxiНativО strОss, involving phosphorylation 
of p5γ at SОr-15 rОsiНuО by ROS [κ6]. ThО binНing anН cytotoxic 
activitiОs of ОxtractОН polyphОnols from bioactivО compounНs of C. 
annuum corrОlatОs with thОir concОntrations [κ7]. εОthanolic 
Оxtracts from C. annuum havО bООn rОportОН to inhibit 4-hyНroxy-β-
nonОnal (HNE)-inНucОН anН HβOβ-inНucОН DNA НamagО on human 
lОucocytОs anН human colorОctal aНОnocarcinoma cОlls (HT-βλ), 
suggОsting a rolО as antioxiНant anН cancОr prОvОntion [κκ]. 
 
ConcОrning thО antioxiНant activity of Capsicum in vivo, a rОcОnt 
stuНy by εorittu et al. [κλ] ОvaluatОН thО oxiНativО status of C. 
annuum cv. FiОsta at two ripОning stagО in CD-1 micО. ThОir rОsults 
showОН that, at thО НosО rОportОН by thО EuropОan Commission as 
thО mОan Нaily consumption of capsaicin, thО Оxtracts wОrО wОll 
tolОratОН, inНОpОnНОntly from thО ripОning stagО. No bОnОficial 
ОffОct was sООn in tОrms of antioxiНant activity, but at thО samО timО 
a non-significant incrОasО of ROS proНuction was obsОrvОН. On thО 
contrary, capsaicin may improvО thО antioxiНant status inНirОctly 
[κλ]. As an ОxamplО, it was ОvaluatОН against carbon tОtrachloriНО-
inНucОН livОr injury in rats trОatОН for κ wООks, showing a 
hОpatoprotОctivО ОffОct via: НОcrОasО of thО gОnОration of 
malonНialНОhyНО, inНuction of antioxiНant systОms (supОroxiНО 
НismutasО, catalasО, anН glutathionО-S-transfОrasО) anН inhibition of 
activО caspasО-γ [λ0]. 
 
Chemopreventive activity 
Capsaicin has bООn largОly stuНiОН НuО to its potОntial to inНucО 
apoptosis in many НiffОrОnt typОs of cancОr cОll linОs incluНing 
pancrОatic, colonic, prostatic, livОr, ОsophagОal, blaННОr, skin, 
lОukОmia, lung anН ОnНothОlial cОlls whilО normal cОlls arО 
unharmОН [λ1]. HowОvОr, its rolО in tumorigОnОsis rОmains 
controvОrsial bОcausО both cancОr prОvОntion anН promotion havО 
bООn proposОН [λβ]. ThО promotОr ОffОct sООms to bО rОlatОН to thО 
consumption of high amounts of capsaicin in thО НiОt. In this sОnsО, 
a mОta-analysis from β014 suggОstОН a moНОratО capsaicin 
consumption НuО to this Нual rolО [λγ]. 
 
In gОnОral, its anticancОr activity is through targОting multiplО 
signaling pathways anН cancОr associatОН gОnОs at НiffОrОnt tumor 
stagОs [λ4]. ThОsО mОchanisms havО bООn stuНiОН in vitro anН in 
animal moНОls, as commОntОН bОlow. 
 
A НosО-НОpОnНОnt apoptotic ОffОct of capsaicin on human pancrОatic 
cancОr cОlls was assОssОН in a stuНy pОrformОН using in vitro anН in 
vivo systОms [λ5]. This stuНy suggОstОН thО involvОmОnt of 
ОnНoplasmic rОticulum strОss in thО inНuction of apoptosis in human 
pancrОatic cancОr cОlls by its [λ5]. StuНiОs pОrformОН on tumors 
formОН by human prostatО cancОr cОll culturОs grown in mousО 
moНОls rОportОН that it is ablО to causО apoptosis anН kill prostatО 
cancОr cОlls [λ6]. εorОovОr, anothОr mОchanism to inНucО apoptosis 
of human pancrОatic cОlls is through thО НОcrОasО of thiorОНoxin 
ОxprОssion anН Нissociation of thiorОНoxin/apoptosis signal-
rОgulating kinasО 1 (ASK1) [λ7]. Capsaicin rОНucОs thО viability, 
propagation, anН inНucОs apoptotic НОath in pancrОatic 
nОuroОnНocrinО tumor (NET) cОlls. In aННition, it also causОs loss of 
mitochonНrial mОmbranО potОntial, inhibits ATP synthОsis, rОНucОs 
mitochonНrial Bcl-β protОin proНuction, incrОasОs cytochromО c 
lОvОls, anН minimizОs ROS gОnОration [λκ]. AnothОr stuНy shows 
that capsaicin lОaНs to inНuction of apoptosis in human lung cancОr 
cОlls as wОll [λλ]. 
 
A stuНy conНuctОН by Amantini et al. [100] showОН that 
aНministration of capsaicin prОvОntОН thО prolifОration of basal 
carcinoma (BC) cОlls linОs via stimulation of thО autophagic 
procОss, altОring rОНox homОostasis, inНucing mitochonНrial 
НОpolarization, changing aНОnosinО НiphosphatО/aНОnosinО 
triphosphatО (ADP/ATP) ratio along with activating activatОН 
protОin kinasО (AεPK) pathway. This ОnhancОН capsaicin-inНucОН 
cОll НОath, НОmonstrating that capsaicin-inНucОН autophagy acts as a 
pro-survival procОss in BC cОlls. εorОovОr, capsaicin-trОatОН BC 
cОlls НisplayОН typical mОsОnchymal fОaturОs of thО ОpithОlial 
mОsОnchymal transition (EεT) as ОlongatОН shapО anН ovОr-
ОxprОssion of vimОntin, g5 anН く1 intОgrin subunits, intОgrin-likО 
kinasО anН thО anti-apoptotic Bcl-β protОins. It stimulatОs 
uprОgulation of Dhh/Ptchβ/ZОbβ mОmbОrs of thО HОНgОhog 
signaling pathway, incrОasОs CDβ4, vascular ОnНothОlial growth 
factor-A (VEGFA) anН tissuО inhibitors of mОtalloprotОinasОs-1 
(TIεP-1) anН НОcrОasОs CD44 anН activatОs lОukocytО cОll aНhОsion 
molОculО (AδCAε) mRNA ОxprОssion lОvОls [100]. 
 
A casО-control stuНy conНuctОН in Italy rОvОalОН a protОctivО rolО of 
chili against stomach cancОr [101]. Capsicum is consiНОrОН a 
mОНicinal plant ОffОctivО against gastric cancОr in εОxico [10β]. 
ThО fruit of C. annuum prОsОnt ОlОvatОН accumulation of arsОnic, 
which has bООn rОportОН to show anticancОr activity [10γ]. SОvОral 
stuНiОs havО НОmonstratОН НosО-НОpОnНОnt inhibitory ОffОcts of 
capsaicin against stomach [104, 105] anН colorОctal human cancОrs 
[106]. In human gastric cОll linОs, capsaicin inНucОs cОll НОath via 
bcl-β-sОnsitivО apoptotic pathway [104], ovОrОxprОssion of p5γ 
anН/or c-myc gОnОs [107], activation of caspasО-γ [10κ], anН 
inhibits cОll prolifОration by cytochromО c rОlОasО [105]. εorОovОr, 
capsaicin ОnhancОs thО potОntial ОffОctivОnОss of othОr 
chОmothОrapОutic agОnts on KorОan human gastric cancОr cОll linО, 
incrОasing apoptotic cОll НОath of cisplatin-rОsistant gastric cancОr 
cОlls aftОr co-trОatmОnt with cisplatin [10λ]. In human colorОctal 
cancОr cОlls in vitro, capsaicin supprОssОН cОll prolifОration 
involving thО supprОssion of transcriptional activity of く-catОnin 
[106]. εorОovОr, capsaicin provokОs apoptosis cОll НОath on human 
colon cancОr thought thО activations of caspasО-γ, -κ anН -λ anН 
Нown-rОgulation of anti-apoptotic bcl-β anН up-rОgulation of pro-
apoptotic bax protОins [110]. FurthОrmorО, capsaicin also inhibits 
human colon cancОr via inНucing cОll cyclО G0/G1 phasО arrОst anН 
apoptosis, stabilizing anН activating p5γ [111]. 
 
FurthОrmorО, carotОnoiНs isolatОН from thО fruit of rОН paprika C. 
annuum showОН potОnt in vitro anti-tumor-promoting activity 
through inhibitory ОffОcts on EpstОin-Barr virus Оarly antigОn 
activation [11β]. A protОin fraction containing DING protОins, 
which havО a grОat biological importancО НuО to thОir ability to 
inhibit carcinogОnic cОll growth, is prОsОnt in C. chinense [11γ, 
114]. εorОovОr, thОsО protОins also inhibit thО growth of sОvОral 
plant anН human pathogОnic bactОria [114]. 
 
Anti-diabetic potential 
εany stuНiОs havО rОportОН both in vitro anН in vivo НiffОrОnt 
ОffОcts of Capsicum on glucosО mОtabolism. SОlОctОН pungОnt anН 
non-pungОnt Capsicum variОtiОs havО shown high antioxiНant 
activity anН an ОxcОllОnt inhibitory profilО on carbohyНratО-
НОgraНing ОnzymОs such as g-glycosiНasО, which is rОlatОН to 
glucosО absorption. In this stuНy, thО most anti-НiabОtic potОntial 
was shown by thО swООt variОtiОs, not for thО pungОnt onОs [115]. 
NОvОrthОlОss, thО combination of НiffОrОnt chilis (as is habitual in 
thО НiОt) sООms to incrОasО thОsО activitiОs [116]. RОgular 
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consumption of hot Capsicum spp. may improvО postpranНial 
glucosО, insulin, anН ОnОrgy mОtabolism [117]. OthОrs stuНiОs havО 
founН that C. chinense (habañОro) showОН highОr activity against g-
amylasО than g-glucosiНasО [11κ]. ThО cruНО Оxtract from НiffОrОnt 
variОtiОs of Capsicum olОorОsin showОН potОnt antioxiНant anН 
antiНiabОtic activitiОs [11λ]. In this stuНy, thО antiНiabОtic ОffОct was 
assОssОН against g-amylasО inhibitory activity [11λ]. C. baccatum 
sООНs also inhibitОН mammalian g-amylasО activity [1β0]. AnothОr 
spОciОs of Capsicum, C. frutescens, prОsОnts antioxiНant anН 
antiglycation propОrtiОs [1β1]ν thО accumulation of aНvancОН 
glycation ОnН proНucts in thО boНy is associatОН with НiabОtОs 
mОllitus. 
 
In humans, thО ОffОct of 5 g of C. frutescens on plasma glucosО 
lОvОl was stuНiОН in 1β hОalthy voluntООrs by pОrforming thО oral 
glucosО tolОrancО tОst [1ββ]. ThО rОsults of this stuНy showОН that 
thО Capsicum НosО НОcrОasОН plasma glucosО lОvОls at γ0 anН 45 
minutОs anН, morОovОr, incrОasОН plasma insulin lОvОls at 60, 75, 
105, anН 1β0 minutОs. This stuНy concluНОs that C. frutescens might 
havО clinical implications in thО managОmОnt of typО β НiabОtОs 
mОllitus НОcrОasing plasma glucosО anН maintaining insulin lОvОls 
[1ββ]. Similar ОffОcts of 5 g ingОstion of C. frutescens has bООn 
rОportОН on plasma glucosО in hОalthy Thai womОn [1βγ]. 
εorОovОr, this stuНy ОvaluatОН thО ОffОct of chili pОppОr on 
mОtabolic ratО in 1β womОn, showing an immОНiatОly incrОasО of 
mОtabolic ratО aftОr ingОstion anН sustainОН up to γ0 min [1βγ]. 
HowОvОr, a ranНomizОН controllОН stuНy pОrformОН with 100 mδ 
juicО of C. annuum var. grossum for 4-consОcutivО Нays, on 15 
subjОcts with typО β НiabОtОs mОllitus unНОr yoga thОrapy, showОН 
no НiffОrОncО in blooН glucosО lОvОl (fasting or postpranНial) 
bОtwООn control anН ОxpОrimОntal groups [1β4]. In thО casО of chili, 
its consumption provokОs a НОcrОasО of insulin rОsistancО rОflОcting 
a postpranНial homОostasis moНОl assОssmОnt of insulin rОsistancО 
in a ChinОsО population [1β5]. ThО supplОmОntation of 5 mg/Н of 
capsaicin for 4 wООks improvОН postpranНial hypОrglycОmia, 
hypОrinsulinОmia anН fasting lipiН mОtabolic НisorНОrs in womОn 
with gОstational НiabОtОs mОllitus [1β6]. OvОrproНuction of insulin 
aftОr mОals coulН rОsult in insulin rОsistancОν chili intakО rОНucОs 
this ovОrproНuction anН may rОНucО thО risk in insulin rОsistancО 
[1β7]. εorОovОr, thО typО of chilis may influОncО insulin rОsistancО 
morО than thОir quantity [1β4]. 
 
Gastroprotective potential: anti-ulcer and antimicrobial activity 
GastrointОstinal НisОasОs may bО causОН by various factors such as 
alcohol, acОtic aciН, nonstОroiНal anti-inflammatory Нrugs (О.g., 
aspirin, inНomОthacin anН ibuprofОn), Helicobacter pylori, gastric 
aciН, pОpsin anН inflammatory cytokinОs. εorОovОr, ROS arО 
known to bО involvОН in gastrointОstinal НisОasОs [1βκ]. 
 
In gОnОral, spicОs havО bООn rОcognizОН for thОir НigОstivО stimulant 
action bОcausО thОy can intОnsify salivary flow anН gastric juicО 
sОcrОtion anН hОlp НigОstion whОn thО nОrvО cОntОrs arО stimulatОН 
by thО sОnsО of smОll anН by thО prОsОncО of pungОnt principlОs such 
as capsaicin [1βλ]. ThО hot Capsicum НigОstivО stimulatory action is 
supposОН to bО rОlatОН to thО stimulation of saliva anН bilО sОcrОtion 
as wОll as НigОstivО ОnzymОs activitiОs of thО pancrОas anН small 
intОstinО. It also stimulatОs thО saliva proНuction anН thО salivary 
amylasО activity, which hОlps to НigОst starch, as wОll as thО mucous 
mОmbranО proНuction in mouth, throat anН gastrointОstinal tract. 
Animal stuНiОs havО founН that hot Capsicum ОnhancОs thО fat 
НigОstion anН absorption in high fat fОН animals through thО 
stimulation of thО livОr to sОcrОtО bilО rich in bilО aciНs [5κ]. 
 
Chili Оxtracts, capsaicin anН its othОr phytochОmicals rОgulatО thО 
intОstinal transport systОm for various fooН nutriОnts, incrОasing thО 
pОrmОability of intОstinal ОpithОlial cОlls [1γ0], anН ОnhancО thО ratО 
of gastric Оmptying [1γ1]. In viОw of irritant anН likОly aciН-
sОcrОting naturО provokОН by chili ingОstion, it is bОing avoiНОН in 
pОrsons with ulcОrs. C. frutescens Оxtract prОsОnt concОntration-
НОpОnНОnt cytopathic ОffОct on oral mucosal fibroblasts [1γβ]. 
HowОvОr, various stuНiОs with chili Оxtract anН capsaicin havО 
rОvОalОН protОctivО rolОs vОrsus injurious influОncО on gastric 
mucosa [1βκ]. ThОrОforО, thО mОchanism involvОН in gastric 
mucosa protОction by chili anН its phytochОmical constituОnts may 
involvО thО activation of gastrointОstinal transiОnt rОcОptor potОntial 
vanilloiН subtypО 1 (TRPV1), antioxiНant ОnzymОs anН inhibition of 
inflammatory factors [1γγ]. Capsaicin inhibits aciН sОcrОtion, 
prОvОnts anН hОals ulcОrs by Нisposing of aciН from thО stomach by 
stimulation of alkali, mucus, bicarbonatО sОcrОtions anН gastric 
mucosal blooН [1γ4-1γ6]. TrОatmОnt with rОН pОppОr anН capsaicin-
containing rОН pОppОr НОcrОasОs НyspОptic symptoms, Оpigastric 
pain, fullnОss, nausОas anН hОartburn in НyspОptic anН hОartburn 
patiОnts [1γ7-1γλ]. εorОovОr, capsaicin НОcrОasОs ОsophagОal 
symptoms in НiffОrОnt gastroОsophagОal rОflux НisОasО patiОnts such 
as BarrОtt's Оsophagus [140]. 
 
An ОpiНОmiological stuНy, pОrformОН with 10γ ChinОsО patiОnts 
with pОptic ulcОr anН κ7 εalaysians anН InНians controls, has founН 
that chili usО has a protОctivО ОffОct against pОptic ulcОr НisОasО 
[141]. A prospОctivО stuНy of κ4 hОalthy human subjОcts has 
ОvaluatОН thО gastroprotОctivО ОffОct of capsaicin against two 
moНОls of inНucОН gastric mucosal НamagО, by Оthanol or 
inНomОthacin [14β]. ThО rОsults of this stuНy show that small НosОs 
of capsaicin (1-κ µg/100 mδ) havО gastroprotОctivО ОffОct against 
injurОs by Оthanol or inНomОthacin anН suggОst that is attributОН to 
stimulation of thО sОnsory nОrvО ОnНings [14β]. OthОr stuНy, 
pОrformОН on 1κ hОalthy voluntООrs, rОportОН that thО aНministration 
of β0 g chili orally with β00 mδ watОr НОcrОasОs thО sОvОrity of 
acutО aspirin-inНucОН gastroНuoНОnal mucosal injury [14γ]. 
εorОovОr, capsaicin has bООn НОscribОН as a nОw potОntial 
gastroprotОctivО thОrapОutic Нrug in hОalthy humans, in patiОnts 
with mucosal НamagО anН in НisОasОs rОquiring trОatmОnt with 
nonstОroiНal anti-inflammatory Нrugs [1γ6]. 
 
Capsaicin may inНucО motility in thО gastric antrum, НuoНОnum, 
proximal jОjunum anН colon which hОlps to Нiminish functional 
НyspОpsia. HowОvОr, clinical stuНiОs on its Оfficacy in gastro-
oОsophagОal rОflux НisОasО anН НyspОpsia arО limitОН, anН thОrО is 
limitОН information rОgarНing thО ОffОct of chronic capsaicin 
ingОstion in both НisОasОs. So, a ranНomizОН НoublО-blinНОН stuНy 
in γ0 functional НyspОpsia patiОnts using 1.75 mg of capsaicin 
ingОstion for 5 wООks НОmonstratОН that it significantly improvОН 
ovОrall symptoms of Оpigastric pain, fullnОss, anН nausОa but not 
Оpigastric burning, bloating anН bОlching comparОН to placОbo 
[144]. 
 
FurthОrmorО, various phytochОmicals of Capsicum spp. prОsОnt 
antimicrobial activity anН havО bООn НОscribОН as protОctors against 
gastric pathogОns [1γγ, 145-147]. Chili inhibitОН thО growth of 
fooНbornО gastrointОstinal pathogОns such as Salmonella 
typhimurium, Listeria monocytogenes, Bacillus cereus [14κ], 
Proteus mirabilis, Pseudomonas aeruginosa, S. aureus, E. coli 
[1γγ, 145, 14λ-151] anН Vibrio cholerae [15β, 15γ]. εorОovОr, 
isolatОН compounНs from chili havО bООn founН ОffОctivО against 
fОw typОs of pathogОnic yОasts [1β0, 151, 154] anН fungi [155, 
156]. H. pylori is an important causal factor in gastric anН НuoНОnal 
ulcОrs anН is associatОН with thО НОvОlopmОnt of gastric cancОrs. In 
vitro stuНiОs showОН that capsaicin inhibitОН thО growth of this 
pathogОnic bactОria [1γγ, 157] suggОsting that chili coulН provО to 
bО a thОrapОutic agОnt for H. pylori-inНucОН gastrointОstinal НisОasО. 
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Pain relief 
Natural capsaicinoiНs of chili pОppОrs havО rОcОivОН consiНОrablО 
attОntion as topical pain rОliОvОrs [1βκ, 15κ]. This uniquО propОrty 
of capsaicin has bООn ОxploitОН by thО usО of crОams, ointmОnts, anН 
patchОs to trОat many typОs of pain, ОspОcially thО nОuropathic typО 
[15λ]. Two trials pОrformОН with topical application of crОams 
containing 0.075% [160] or 0.0β5% [161] of capsaicin showОН 
analgОsic ОffОct in β1% anН 70% patiОnts with ostОoarthritis anН 
rhОumatoiН arthritis, rОspОctivОly. In a stuНy involving invОstigators 
of 1β sitОs anН β1λ mОn anН womОn with painful НiabОtic 
nОuropathy, topical application of 0.075% capsaicin rОНucОН pain 
with subsОquОnt improvОmОnt in Нaily activitiОs, Оnhancing thО 
quality of thО patiОnt's lifО [16β]. ThО rОpОatОН application of a low 
НosО capsaicin crОam (0.075%), or a singlО application of a high 
НosО patch (κ%), sООms to proviНО a НОgrОО of chronic nОuropathic 
pain rОliОf in aНults [16γ, 164]. A singlО application of capsaicin κ% 
patch for 60 minutОs proНucОН ОffОctivО pain rОliОf for up to 1β 
wООks in patiОnts with nОuropathic pain, suggОsting that high-
concОntration capsaicin path havО thО aНvantagОs of longОr Нuration 
of ОffОct anН low risk for systОmic ОffОcts [164]. εorОovОr, 
capsaicin crОams arО usОН to trОat psoriasis, rОНucing inflammation 
anН itching [165, 166]. ThО usО of κ% capsaicin patch has 
НОmonstratОН its ОfficiОnt anН sustainОН pain rОliОf in post-hОrpОtic 
nОuralgia pain, a painful conНition that occurs aftОr rОactivation of 
thО Нormant hОrpОs zostОr virus [167]. HowОvОr, thО siНО ОffОcts arО 
consistОntly highОr in all stuНiОs about nОuropathic rОliОf with 
capsaicin, but thО significancО of safОty Нata was not quantifiОН, anН 
it is not clОar if topical capsaicin shoulН bО usОН as a first-linО 
trОatmОnt [16κ]. In focal pain conНitions, capsaicin may bО givОn 
succОssfully by injОction to knock out nocicОptors anН achiОvО pain 
control in singlО НosОs applications to allОviatО thО pain conНition 
for months in εorton’s nОuroma anН arthritis, but its major 
wОaknОss is thО immОНiatО burning sОnsation lasting minutОs to 
hours [16λ]. 
 
ThО mОchanisms of pain rОliОf action of topical capsaicin involvО 
thО transiОnt rОcОptor potОntial cation channОl subfamily V mОmbОr 
1 (TRPV1), also known as thО capsaicin rОcОptor anН thО vanilloiН 
rОcОptor [15κ, 170]. Capsaicin sОlОctivОly activatОs TRPV1, Caβ+ 
pОrmОablО cationic ion channОl which is ОnrichОН at thО tОrminals of 
cОrtain nocicОptors. Activation is followОН by a prolongОН НОcrОasО 
rОsponsО to noxious stimuli [16λ]. 
 
Potential role in the metabolic syndrome 
εОtabolic synНromО is rОfОrrОН to thО clustОring of insulin 
rОsistancО, hypОrtОnsion, НyslipiНОmia, anН obОsity, anН this 
conНition has bООn associatОН with incrОasОН risk of carНiovascular 
НisОasОs anН typО β НiabОtОs in aНults. Capsicum spp. anН thОir 
constituОnts may bО of intОrОst to prОvОnt or trОat somО of thОsО 
conНitions, bОing rОvisОН in this sОction. 
 
ThО risk of having mОtabolic synНromО is closОly linkОН to 
ovОrwОight anН obОsity. In humans, thО potОntial bОnОfits of 
capsaicinoiНs for wОight managОmОnts arО thО incrОasО of thО 
ОnОrgy ОxpОnНiturО, thО ОnhancОmОnt of lipiН oxiНation anН thО 
appОtitО rОНuction [171]. ThО numbОr of stuНiОs on wОight 
managОmОnt is largО, whilО thО mОchanism of action for appОtitО 
rОНuction has bООn lОss stuНiОН. In this sОnsО, a ranНomizОН НoublО-
blinН placОbo-controllОН stuНy, pОrformОН with λ1 moНОratОly 
ovОrwОight subjОcts, showОН that capsaicin (1γ5 mg/Нay) incrОasОН 
fat oxiНation Нuring wОight maintОnancО which sООms to lОaН to a 
НОcrОasО in appОtitО as wОll as a НОcrОasО in fooН intakО [17β]. A 
stuНy that invОstigatОН thО ОffОcts of rОgular consumption of chili on 
in vitro sОrum lipoprotОin oxiНation in hОalthy aНult mОn anН 
womОn concluНО that rОgular consumption of chili rОsists sОrum 
lipoprotОin oxiНation [17γ]. ConvОrsОly, anothОr stuНy pОrformОН 
on long НistancО malО runnОrs 1κ-βγ yОars of agО rОportОН an 
incrОasОН carbohyНratО oxiНation at rОst anН Нuring ОxОrcisО [174]. 
 
In stuНiОs conНuctОН in humans it was obsОrvОН that rОН pОppОr 
inНucОН a rОНuction of ad libitum fooН intakО anН an incrОasОН 
postpranНial ОnОrgy ОxpОnНiturО anН lipiН oxiНation [1βγ, 175-17κ]. 
AftОr a chili mОal, a rОНucОН ОnОrgy ОxpОnНiturО was notОН in aНult 
mОn anН womОn with boНy mass inНОx ≥ β6 [17γ] anН postpranНial 
rОspiration quotiОnt was rОНucОН by γ0% [17λ, 1κ0]. This rОНuction 
on rОspiration quotiОnt was obsОrvОН in НiОtary consumption of chili 
among habitual usОrs anН non-usОrs of chili [1κ1]. In a stuНy 
pОrformОН with 1β mОn anН 1β womОn, thО ОxposurО to capsaicin, 
oral anН gastrointОstinal, incrОasОН satiОty anН rОНucОН caloric as 
wОll as fat intakО [1κβ]. εorОovОr, oral ОxposurО provokОН a 
strongОr rОНuction suggОsting that capsaicin has sОnsory ОffОcts 
[1κβ]. Capsaicin has bООn shown to bО ОffОctivО on obОsity 
managОmОnt in somО short-tОrm stuНiОs, howОvОr, thО long-tОrm usО 
of capsaicin may bО limitОН by its strong pungОncy [1κγ]. A largОr 
incrОasО in ОnОrgy ОxpОnНiturО was obsОrvОН in mОn aftОr a mОal 
containing 10 g of rОН pОppОr, anН thО author of this stuНy suggОst 
that it was causОН by bОta-aНrОnОrgic stimulation [177]. Chili 
consumption incrОasОs НiОt-inНucОН thОrmogОnОsis in a high fat anН 
carbohyНratО НiОt [17λ, 1κ4], but was morО pronouncОН in irrОgular 
consumОrs of chili than habitual consumОrs [1κ1]. In a β-wООks 
stuНy, a supplОmОnt containing 0.4 mg capsaicin, 6β5 mg grООn tОa 
Оxtract anН κ00 mg ОssОncО of chickОn rОНucОН boНy fat contОnt of 
frОО-living hОalthy human subjОcts, approximatОly 460 g, anН 
incrОasОs thО rОsting ОnОrgy ОxpОnНiturО [1κ5].  
 
A possiblО solution to avoiН thО pungОncy of capsaicin in long-tОrm 
stuНiОs is usО of non-pungОnt analogs. ThО ОffОct of CH-1λ swООt 
pОppОr, a non-pungОnt cultivar of rОН pОppОr, was invОstigatОН on 
oxygОn consumption anН boНy tОmpОraturО in 11 hОalthy 
voluntООrs. As a notО, it prОsОnts capsiatО, which has a structurО 
similar to capsaicin but without pungОncy [1κ6]. ThО rОsults of this 
stuНy showОН that this typО of pОppОr incrОasОН thОrmogОnОsis, 
forОhОaН, boНy surfacО anН nОck tОmpОraturО, anН ОnОrgy 
consumption [1κ6]. ThО ОffОcts of λ mg capsaicinoiНs ingОstion, 
ОxtractОН from pОppОr fruit variОty CH-1λ swООt, wОrО ОxaminОН in 
a stuНy on ОnОrgy ОxpОnНiturО to analyzО its rОlation on brown 
aНiposО tissuО in 1κ hОalthy mОn [1κ7]. ThО rОsults suggОstОН that 
capsaicinoiНs incrОasО ОnОrgy ОxpОnНiturО through thО activation of 
brown aНiposО tissuО [1κ7]. 
 
HowОvОr, thО Оfficacy of thОsО bioactivО compounНs in wОight loss 
is not conclusivО. In fact, no soliН ОviНОncО shows that capsaicin 
ingОstion provokОs wОight loss, but thОrО is a positivО corrОlation 
bОtwООn capsaicin anН a НОcrОasО in wОight rОgain [1βκ]. εОan 
short-tОrm stuНiОs havО НОmonstratОН an incrОasО in НiОt-inНucОН 
thОrmogОnОsis anН a НОcrОasО in thО rОspiratory quotiОnt 
immОНiatОly aftОr a mОal in which capsaicin was supplОmОntОН 
(Yoshioka et al., 1λλ5). δong-tОrm stuНiОs (thrОО months) showОН a 
limitОН ОffОct on wОight rОgain aftОr a moНОl of wОight loss [1κκ]. 
ThО ОffОct on ОnОrgy ОxpОnНiturО is marginal, arounН 50 kcal /Нay 
[171]. ThОsО rОsults wОrО thО basis of thО EuropОan FooН SafОty 
AgОncy rОport [1κλ] to assumО that thО consumption of capsaicin 
has no ОffОct on boНy wОight maintОnancО aftОr wОight loss. 
 
Both capsaicin anН capsaicinoiНs arО capablО of incrОasing thО 
wholО-boНy ОnОrgy ОxpОnНiturО anН rОНucО thО boНy fat via brown 
aНiposО tissuО stimulation through thО spОcific rОcОptor TRPV1, 
incrОasing thО stamina consumption anН НОcrОasing boНy fat 
moНОstly but consistОntly [1λ0]. BОsiНОs othОr factors, thО trans-
НiffОrОntiation of mОsОnchymal stОm cОlls into aНipocytОs is an 
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aННОН НОtrimОntal factor that may causО thО intОnsification of 
obОsity. Thus, Ibrahim et al. [1λ1] havО rОcОntly НОtОrminОН 
whОthОr capsaicin is capablО of inhibiting thО НiffОrОntiation of bonО 
marrow mОsОnchymal stОm cОlls (BεSCs) to aНipocytОs in vitro. 
BεSCs wОrО ОxposОН to НiffОrОnt capsaicin concОntrations for a 
pОrioН of 6 Нays following β Нays of aНipogОnic inНuction. ThО 
capsaicin ОxposОН cОlls wОrО collОctОН at thrОО НiffОrОnt timО points 
(β, 4 anН 6 Нays) anН subjОctОН to various analysОs. AftОr capsaicin 
ОxposurО, НosО- anН timО-НОpОnНОnt rОНuction in cОll viability anН 
prolifОration was obsОrvОН in BεSCs. IntОrОstingly, although 
capsaicin is consiНОrОН an antioxiНant compounН, it incrОasОН thО 
proНuction of ROS anН RNS in orНОr to inНucО cОll cyclО arrОst at 
G0-G1 along with incrОasОН apoptosis. Capsaicin ОxposurО 
significantly inhibitОН thО Оarly aНipogОnic НiffОrОntiation, 
lipogОnОsis anН maturation of aНipocytОs with concomitant 
rОprОssion of PPARけ, C-ОnhancОr-binНing protОins (C/EBPg), fatty 
aiН binНing protОin-4 (FABP4) anН stОaroyl-CoA НОsaturasО-1 
(SCD-1). Capsaicin-basОН stimulation for ROS anН RNS proНuction 
potОntially inhibits thО aНipogОnic НiffОrОntiation of mОsОnchymal 
stОm cОlls via many НiffОrОnt pathways, i.e., anti-prolifОrativО, 
apoptotic anН cОll cyclО arrОst [1λ1]. 
 
SОvОral stuНiОs havО НocumОntОН thО bОnОficial influОncО of 
capsaicin on lipiН mОtabolism, ОspОcially as an 
antihypОrcholОstОrolОmic agОnt, anН anti-НiabОtic propОrtiОs, 
commОntОН bОforО. In thО obОsО НiabОtic moНОl ob/ob micО, 
capsaicin (0.01-0.0β% in thО НiОt for 6 wООks) significantly 
supprОssОН thО ОnhancОmОnt in fasting blooН glucosО, as wОll as 
also incrОasОН thО insulin lОvОls. εorОovОr, capsaicin significantly 
incrОasОН thО fОcal butyratО anН plasma total GδP-1 lОvОls, but 
НОcrОasОН plasma total ghrОlin, TNF-g, Iδ-1く, anН Iδ-6 lОvОls [1λβ]. 
Capsaicin also rОНucОН boНy wОight via activating transiОnt rОcОptor 
potОntial vanilloiН 1 (TRPV1) cation channОl, improving glucosО 
tolОrancО, up-rОgulating thО ОxprОssion of εucin β gОnО εucβ anН 
antimicrobial protОin gОnО RОgγg in thО intОstinО of C57Bδ/6 micО 
[1λγ]. In athОrosclОrotic plaquО micО, trОatmОnt with 
НihyНrocapsaicin supplОmОntation momОntously showОН significant 
rОНuction in cОllular cholОstОrol contОnt, ОnhancОmОnt in apoA1-
mОНiatОН cholОstОrol Оfflux. In aННition, it also lowОrОН thО low 
НОnsity lipoprotОin, plasma triglyНОriНОs, vОry low НОnsity 
lipoprotОin, intОrlОukin-6 (Iδ-6), intОrlОukin-bОta (Iδ-1く), C-
rОactivО protОin (CRP), anН tumor nОcrosis factor (TNF-g) lОvОls, 
whОrОas it ОnhancОН high НОnsity lipoprotОin [1λ4]. εorОovОr, 
capsaicin has shown to bО hypotriglycОriНОmic, thus prОvОnting 
accumulation of fat in livОr unНОr aНvОrsО situations by Оnhancing 
triglycОriНО transport out of thО livОr also in animal moНОls [1λ5]. 
Also, it has bООn rОportОН thО capacity of capsaicin to rОНucО 
aНiposity in rats. 
 
ConcОrning carНiovascular ОffОcts, a rОcОnt stuНy pОrformОН on a rat 
moНОl of mОtabolic synНromО suggОstОН that capsaicin (0.5-1 mg/kg 
boНy wОight for 14 Н) promotОН global improvОmОnt of 
carНiovascular autonomic control. It НОtОrminОН hОart variability 
improvОmОnt, incrОasОН vascular sympathОtic НrivО anН incrОasОН 
g-inНОx (spontanОous barorОflОx sОnsitivity). HowОvОr, this 
trОatmОnt НiН not improvО lipiН anН glucosО abnormalitiОs [1λ6] . 
Other potential health benefits 
CapsaicinoiНs anН othОr bioactivО compounНs from Capsicum sООm 
to havО othОr hОalth bОnОfits whОn assayОН in animal moНОlsμ 
- A supplОmОntation with capsaicin may improvО physical 
activitiОs, incluНing griН, strОngth anН ОnНurancО pОrformancО 
by incrОasing livО glycogОn contОnt. Also, it can amОlioratО 
somО ОxОrcisО-inНucОН rОlatОН fatiguО paramОtОrs in animal 
stuНiОs [1λ7]. 
- ThО prОsОncО of hot chiliОs in thО normal НiОt has bООn rОlatОН 
to a bОttОr iron status in thО population [1λκ]. 
- CapsaicinoiНs but not capsinoiНs may НОcrОasО thО total plasma 
cholОstОrol, rОНucО thО formation of athОrosclОrotic plaquО anН 
rОlax thО aortic artОry incrОasing thО fОcal ОxcrОtion of aciНic 
stОrols in hamstОrs fОН with НiОts containing capsaicinoiНs. 
εorОovОr, it may moНulatО plasma lipiНs anН possОss 
bОnОficial vascular activity [1λλ]. 
- A stuНy aimОН to ОxaminО various trОatmОnts for knОО 
ostОoarthritis on olНОr humans rОportОН that capsaicin, orally or 
locally, rОНucОs rhОumatoiН arthritis pain, inflammatory hОat 
anН noxious chОmical hypОralgОsia [β00]. In human 
polymorphonuclОar lОukocytОs cОlls it is rОportОН that 
capsaicin moНulatО 5-lipoxygОnasО, thО kОy ОnzymО involvОН 




This rОviОw highlights that Capsicum anН НiОtary capsaicinoiНs 
havО intriguing potОntial for hОalth promotion. In this sОnsО, sОvОral 
sciОntific stuНiОs havО proviНОН ОviНОncО for thОir bОnОficial ОffОcts 
in vitro, in vivo anН in humans against cancОr, НiabОtОs, 
gastrointОstinal НisОasОs, anН pain. εorОovОr, thО multifunctional 
propОrtiОs of Capsicum anН capsacin sООm to bО promising for thО 
prОvОtion/trОatmОnt of thО mОtabolic synНromО. This incluНОs 
wОight managОmОnt propОrtiОs, antiНiabОtic potОntial, 
hypocholОstОrolОmic anН hypotriglycОriНОmic activity, anН 
bОnОficial carНiovascular ОffОcts. Although most of thОsО stuНiОs arО 
still not conclusivО anН only focusОН on capsaicin, thОy may bО thО 
basis of thО formulation of nОw pharmacological activО ingrОНiОnts 
to bО usОН in pharmacОuticals anН functional fooНs. This also 
rОquirОs thО НОfinition of thО НosО anН targОt population. 
ThО application of phytochОmicals НОrivОН from Capsicum plants 
for fooН prОsОrvation anН safОty is also promising. Coupling for 
ОxamplО capsaicin anН НihyНrocapsaicin with non-thОrmal 
procОssing mОthoНs, with othОr natural antimicrobials or salt, may 
proviНО to consumОrs with safОr proНucts, which Нo not contain 
chОmical prОsОrvativОs. NОvОrthОlОss, thО rОquirОН НosОs, thО 
procОssing timО of thО appliОН non-thОrmal mОthoН anН thО sОnsory 
propОrtiОs shoulН bО ОvaluatОН in Оach fooН. This is an avОnuО of 
futurО rОsОarch of othОr non-pungОnt Capsicum constituОnts that 
НОsОrvО furthОr stuНiОs. 
 
Acknowledgement - This work was supportОН by thО VicОrrОctoría 
НО InvОstigación y DОsarrollo from UnivОrsity of ConcОpción, ChilО 
(β16.07γ.0γ1-1.0IN anН β17.07γ.0γγ-1.0). 
References 
[1] Sharifi-RaН ε, Varoni Eε, Iriti ε, εartorОll ε, SОtzОr WN, НОl εar ContrОras ε, SalОhi B, Soltani-NОjaН A, Rajabi S, Tajbakhsh ε, Sharifi-RaН 
J. (2018) Carvacrol anН human hОalthμ A comprОhОnsivО rОviОw. Phytotherapy Research, 32, 1675-16κ7. 
[β] SalОhi B, εishra AP, Shukla I, Sharifi-RaН ε, ContrОras εНε, SОgura-CarrОtОro A, Fathi H, NasrabaНi NN, KobarfarН F, Sharifi-RaН J. (2018) 
Thymol, thymО, anН othОr plant sourcОsμ HОalth anН potОntial usОs. Phytotherapy Research, 32, 16κκ-1706. 
[γ] SalОhi B, Anil Kumar NV, ŞОnОr B, Sharifi-RaН ε, Kılıç ε, εahaНy GB, VlaisavljОvic S, Iriti ε, KobarfarН F, SОtzОr WN, Ayatollahi SA, Ata A, 
Sharifi-RaН J. (2018) εОНicinal plants usОН in thО trОatmОnt of human immunoНОficiОncy virus. International Journal of Molecular Sciences, 19(5), 
145λ. 
A rОviОw of Capsicum spp. Natural Product Communications Vol. 1γ (11) β01κ  1551 
[4] BaghОri G, εirzaОi ε, εОhrabi R, Sharifi-RaН J. (2016) Cytotoxic anН antioxiНant activitiОs of Alstonia scholaris, Alstonia venenata anН Moringa 
oleifera plants from InНia. Jundishapur Journal of Natural Pharmaceutical Products, 11(γ), Оγ11βλ. 
[5] SahraiО-RaН ε, IzaНyari A, RakizaНОh S, Sharifi-RaН J. (2015) PrОparation of strong antiНanНruff shampoo using mОНicinal plant Оxtractsμ A 
clinical trial anН chronic НanНruff trОatmОnt. Jundishapur Journal of Natural Pharmaceutical Products, 10(4), Оβ1517. 
[6] Stojanović-RaНić Z, PОjčić ε, Stojanović N, Sharifi-RaН J, Stanković N. (2016) PotОntial of Ocimum basilicum δ. anН Salvia officinalis δ. ОssОntial 
oils against biofilms of P. aeruginosa clinical isolatОs. Cellular and Molecular Biology, 62, β7-γβ. 
[7] εishra AP, Sharifi-RaН ε, Shariati εA, εabkhot YN, Al-Showiman SS, Rauf A, SalОhi B, Župunski ε, Sharifi-RaН ε, Gusain P. (2018) 
BioactivО compounНs anН hОalth bОnОfits of ОНiblО Rumex spОciОs-A rОviОw. Cellular and Molecular Biology, 64, β7-γ4. 
[κ] Sharifi-RaН J, SalОhi B, Stojanović-RaНić ZZ, Fokou PVT, Sharifi-RaН ε, εahaНy GB, Sharifi-RaН ε, εasjОНi εR, δawal TO, Ayatollahi SA, 
εasjОНi J, Sharifi-RaН R, SОtzОr WN, Sharifi-RaН ε, KobarfarН F, Rahman AU, ChouНhary εI, Ata A, Iriti ε. (2017) εОНicinal plants usОН in thО 
trОatmОnt of tubОrculosis - Ethnobotanical anН Оthnopharmacological approachОs. Biotechnology Advances, Оarly viОw 
(httpsμ//Нoi.org/10.1016/j.biotОchaНv.β017.07.001). 
[λ] Sharifi-RaН J, Fallah F, SОtzОr WN, EntОzari HОravi R, Sharifi-RaН ε. (2016) Tordylium persicum Boiss. & Hausskn Оxtractμ A possiblО altОrnativО 
for trОatmОnt of pОНiatric infОctious НisОasОs. Cellular and Molecular Biology, 62, β0-β6. 
[10] Sharifi-RaН J, Soufi δ, Ayatollahi SAε, Iriti ε, Sharifi-RaН ε, Varoni Eε, Shahri F, Esposito S, KuhОstani K, Sharifi-RaН ε. (2016) Anti-
bactОrial ОffОct of ОssОntial oil from Xanthium strumarium against shiga toxin-proНucing Escherichia coli. Cellular and Molecular Biology, 62, 6λ-
74. 
[11] εishra A, Saklani S, SalОhi B, Parcha V, Sharifi-RaН ε, εilОlla δ, Iriti ε, Sharifi-RaН J, Srivastava ε. (2018) Satyrium nepalense, a high altituНО 
mОНicinal orchiН of InНian Himalayan rОgionμ ChОmical profilО anН biological activitiОs of tubОr Оxtracts. Cellular and Molecular Biology (Noisy-
le-Grand, France), 64, γ5. 
[1β] HОbbar SS, Balakrishna B, Prabhakar ε, Srinivas V, Nair AK, Ravikumar GS, GanОshan G, Sharma D, SuНhakar Rao DV, DoijoНО SD, HОgНО 
εR, Rao εS. (2011) ProtОctОН cultivation of Capsicum. Indian Institute of Horticultural Research, Technical Bulletin, 22. 
[1γ] εoralОs-Soto A, GómОz-Caravaca Aε, García-Salas P, SОgura-CarrОtОro A anН FОrnánНОz-GutiérrОz A. (2013) High-pОrformancО liquiН 
chromatography couplОН to НioНО array anН ОlОctrospray timО-of-flight mass spОctromОtry НОtОctors for a comprОhОnsivО charactОrization of 
phОnolic anН othОr polar compounНs in thrОО pОppОr (Capsicum annuum δ.) samplОs. Food Research International, 51, λ77-λκ4. 
[14] εОghvansi ε, SiННiqui S, Khan εH, Gupta V, VairalО ε, Gogoi H, Singh δ. (2010) Naga chilliμ a potОntial sourcО of capsaicinoiНs with broaН-
spОctrum Оthnopharmacological applications. Journal of Ethnopharmacology, 132, 1-14. 
[15] IgbokwО G, Aniakor G, AnagonyО C. (2013) DОtОrmination of く-carotОnО & vitamin C contОnt of frОsh grООn pОppОr (Capsicum annum), frОsh rОН 
pОppОr (Capsicum annum) anН frОsh tomatoОs (Solanum lycopersicum). Bioscientist, 1, κλ-λγ. 
[16] KОhiО ε, Kumaria S, TanНon P. (2014) εanipulation of culturО stratОgiОs to ОnhancО capsaicin biosynthОsis in suspОnsion anН immobilizОН cОll 
culturОs of Capsicum chinense Jacq. cv. Naga King Chili. Bioprocess and Biosystems Engineering, 37, 1055-106γ. 
[17] НО JОsús OrnОlas-Paz J, εartínОz-Burrola Jε, Ruiz-Cruz S, Santana-RoНríguОz V, Ibarra-JunquОra V, Olivas GI, PérОz-εartínОz JD. (2010) EffОct 
of cooking on thО capsaicinoiНs anН phОnolics contОnts of εОxican pОppОrs. Food Chemistry, 119, 161λ-16β5. 
[1κ] Ammar S, НОl εar ContrОras ε, BОlguith-HaНrich O, SОgura-CarrОtОro A, Bouaziz ε. (2015) AssОssmОnt of thО Нistribution of phОnolic 
compounНs anН contribution to thО antioxiНant activity in Tunisian fig lОavОs, fruits, skins anН pulps using mass spОctromОtry-basОН analysis. Food 
& Function, 6, γ66γ-γ677. 
[1λ] HowarН δR, WilНman RE. (2007) AntioxiНant vitamin anН phytochОmical contОnt of frОsh anН procОssОН pОppОr fruit (Capsicum annuum), Inμ 
WilНman REC (EН), Nutraceuticals and Functional Foods, βnН EН. CRC PrОss, Boca Raton, FloriНa, 165-1λ1. 
[β0] Fathima N. (2015) A SystОmic RОviОw on PhytochОmistry anН Pharmacological ActivitiОs of Capsicum annuum. International Journal of 
Pharmacy and Pharmaceutical Research, 4, 51-6κ. 
[β1] Jang J-J, DОvor D, δogsНon D, WarН J. (1992) A 4-wООk fООНing stuНy of grounН rОН chilli (Capsicum annuum) in malО B6CγF1 micО. Food and 
Chemical Toxicology, 30, 7κγ-7κ7. 
[ββ] Kurt S anН Emir B. (2004) EffОct of soil solarization, chickОn littОr anН viscОra on populations of soilbornО fungal pathogОns anН pОppОr growth. 
Plant Pathology Journal, 3, 11κ-1β4. 
[βγ] CimОn I, Turgay B, Pirinc V. (2010) EffОct of solarization anН vОsicular arbuscular mychorrizal on wООН НОnsity anН yiОlН of lОttucО (Lactuca 
sativa δ.) in autumn sОason. African Journal of Biotechnology, 9, γ5β0-γ5β6. 
[β4] Horouwitz ε, RОgОr Y, HОrzlingar G. (1983) Solarization for wООН control. Journal of Weed Science, 31, 170-17λ. 
[β5] AbНallah ε. (1991) Control of НiffОrОnt wООН spОciОs at НiffОrОnt soil НОpth with soil solarization. Egypt Journal of Agronomy, Special Issue, κ1-
κκ. 
[β6] Нa Silva TRB, Bortoluzzi T, Нa Silva CAT, AriОira CRD. (2012) A comparison of poultry littОr appliОН likО organic fОrtilizОr anН that appliОН likО 
chОmical fОrtilizОr in corn НОvОlopmОnt. African Journal of Agricultural Research, 7, 1λ4-1λ7. 
[β7] DОlatО K, CambarНОlla CA. (2004) AgroОcosystОm pОrformancО Нuring transition to cОrtifiОН organic grain proНuction. Agronomy Journal, 96, 
1βκκ-1βλκ. 
[βκ] FarhaН W, SalООm ε, ChООma ε, HammaН H. (2009) EffОct of poultry manurО lОvОls on thО proНuctivity of spring maizО (Zea mays δ.). Journal of 
Animal & Plant Sciences, 19, 1ββ-1β5. 
[βλ] ZayОН εS, HassanОin ε, Esa NH, AbНallah ε. (2013) ProНuctivity of pОppОr crop (Capsicum annuum δ.) as affОctОН by organic fОrtilizОr, soil 
solarization, anН ОnНomycorrhizaО. Annals of Agricultural Sciences, 58, 1γ1-1γ7. 
[γ0] Thanuja T, HОgНО RV, SrООnivasa ε. (2002) InНuction of rooting anН root growth in black pОppОr cuttings (Piper nigrum δ.) with thО inoculation 
of arbuscular mycorrhizaО. Scientia Horticulturae, 92, γγλ-γ46. 
[γ1] Durgapal A, PanНОy A, Palni δεS. (2002) ThО usО of rhizosphОrО soil for improvОН ОstablishmОnt of conifОrs at nursОry stagО for application in 
plantation programmОs. Journal of Sustainable Forestry, 15, 57-7γ. 
[γβ] Smith S. (1997) VОsicular-arbuscular mycorrhizas in agriculturО anН horticulturО, Inμ Smith SE, RООН DJ (EНs), Mycorrhizal Symbiosis, βnН EН. 
AcaНОmic PrОss, δonНon, 45γ-46λ. 
[γγ] Azcón-Aguilar C, JaizmО-VОga ε, CalvОt C. (2002) ThО contribution of arbuscular mycorrhizal fungi to thО control of soil-bornО plant pathogОns, 
Inμ Gianinazzi S, SchüОpp H, BarОa Jε, HasОlwanНtОr K (EНs),  Mycorrhizal Technology in Agriculture, SpringОr, BasОl, SwitzОrlanН, 1κ7-1λ7. 
[γ4] Stanton WJ, FutrОll Cε. (1987) Fundamentals of Marketing. εcGraw-Hill, NОw York. 
[γ5] PОtОr KV, PООthamparan CK, Gopalakrishnan PK. (1980) BrООНing for НisОasО rОsistancО in chilli. All India Workshop on Chillies. HyНОrabaН, 
InНia. 
[γ6] Singh B. (1998) VОgОtablО proНuction unНОr protОctОН conНitionsμ ProblОms anН prospОcts. Indian Society of Vegetable Science Souvenir: Silver 
Jubilee, National Symposium Dec, 12(14). 
[γ7] SООtharam Raju KaSR, G. (1980) DisОasОs control for yiОlН anН quality of chilliОs in AnНhra PraНОs. All  India  Workshop  on Chillies.  HyНОrabaН, 
InНia. 
[γκ] Rao ε. (1980) InsОct pОsts anН thОir control in chilliОs for stОpping up proНuction. All India  Workshop on  Chillies.  HyНОrabaН, InНia. 
1552  Natural Product Communications Vol. 1γ (11) β01κ SalОhi et al. 
[γλ] Blanco-Ríos AK, εОНina-JuárОz δÁ, GonzálОz-Aguilar GA, GámОz-εОza N. (2013) AntioxiНant activity of thО phОnolic anН oily fractions of 
НiffОrОnt swООt bОll pОppОrs. Journal of the Mexican Chemical Society, 57, 1γ7-14γ. 
[40] ChОn C-Y, YОh Y-T, Yang W-δ. (2011) AmiНОs from thО stОm of Capsicum annuum. Natural Product Communications, 6, ββ7-ββλ. 
[41] Oboh G, Rocha J. (2007) Distribution anН antioxiНant activity of polyphОnols in ripО anН unripО trОО pОppОr (Capsicum pubescens). Journal of Food 
Biochemistry, 31, 456-47γ. 
[4β] δiu Y, Nair εG. (2010) CapsaicinoiНs in thО hottОst pОppОr Bhut Jolokia anН its antioxiНant anН antiinflammatory activitiОs. Natural Product 
Communications, 5, λ1-λ4. 
[4γ] Si W, εan SW, ChОnb Z, Chung HY. (2014) Stability of capsaicinoiН contОnt at raisОН tОmpОraturОs. Natural Product Communications, 9, λκ5-
λκκ. 
[44] SalОhi B, Zucca P, SharifiǦRaН ε, PОzzani R, Rajabi S, SОtzОr WN, Varoni Eε, Iriti ε, KobarfarН F, SharifiǦRaН J. (2018) PhytothОrapОutics in 
cancОr invasion anН mОtastasis. Phytotherapy Research, Оarly viОw (httpsμ//Нoi.org/10.100β/ptr.60κ7). 
[45] ShОtty A, εagaНum S, εanaganvi K. (2013) VОgОtablОs as sourcОs of antioxiНants. Journal of Food and Nutrition Disorders, 2(1), 1000104. 
[46] НО εoraОs δP, Нa Paz εF, ArganНoña EJS, Нa Silva δR, НО OlivОira Zago T. (2013) Compostos fОnólicos О ativiНaНО antioxiНantО НО molho НО 
pimОnta “НОНo-НО-moça” fОrmОntaНo. BBR-Biochemistry and Biotechnology Reports, 1, γγ-γκ. 
[47] PrasaН BCN, Gururaj HB, Kumar V, GiriНhar P, Ravishankar GA. (2006) ValinО pathway is morО crucial than phОnyl propanoiН pathway in 
rОgulating capsaicin biosynthОsis in Capsicum frutescens εill. Journal of Agricultural and Food Chemistry, 54, 6660-6666. 
[4κ] Sutoh K, Kobata K, Yazawa S, WatanabО T. (2006) CapsinoiН is biosynthОsizОН from phОnylalaninО anН valinО in a non-pungОnt pОppОr, Capsicum 
annuum δ. cv. CH-1λ swООt. Bioscience, Biotechnology, and Biochemistry, 70, 151γ-1516. 
[4λ] εarín A, FОrrОrОs F, Tomás-BarbОrán FA, Gil εI. (2004) CharactОrization anН quantitation of antioxiНant constituОnts of swООt pОppОr (Capsicum 
annuum δ.). Journal of Agricultural and Food Chemistry, 52, γκ61-γκ6λ. 
[50] Sun T, Xu Z, Wu CT, JanОs ε, Prinyawiwatkul W, No H. (2007) AntioxiНant activitiОs of НiffОrОnt colorОН swООt bОll pОppОrs (Capsicum annuum 
δ.). Journal of Food Science, 72, Sλκ-S10β. 
[51] Wahyuni Y, BallОstОr A-R, SuНarmonowati E, Bino RJ, Bovy AG. (2011) εОtabolitО bioНivОrsity in pОppОr (Capsicum) fruits of thirty-two НivОrsО 
accОssionsμ Variation in hОalth-rОlatОН compounНs anН implications for brООНing. Phytochemistry, 72, 1γ5κ-1γ70. 
[5β] εatОrska ε. (2015) FlavonО C-glycosiНОs from Capsicum annuum δ.μ RОlationships bОtwООn antioxiНant activity anН lipophilicity. European Food 
Research and Technology, 240, 54λ-557. 
[5γ] εatОrska ε, PОrucka I. (2005) AntioxiНant activity of thО main phОnolic compounНs isolatОН from hot pОppОr fruit (Capsicum annuum δ.). Journal 
of Agricultural and Food Chemistry, 53, 1750-1756. 
[54] DomínguОz F, Alonso-Castro AJ, Anaya ε, GonzálОz-Trujano εE, SalgaНo-CОballos H, Orozco-SuárОz S. (2015) εОxican traНitional mОНicinОμ 
TraНitions of yОstОrНay anН phytomОНicinОs for tomorrow. Inμ DuartО εCT, Rai ε (EНs), Therapeutic Medicinal Plants: From Lab to the Market, 
CRC PrОss, Boca Raton, FloriНa, 10-46. 
[55] CichОwicz RH, ThorpО PA. (1996) ThО antimicrobial propОrtiОs of chilО pОppОrs (Capsicum spОciОs) anН thОir usОs in εayan mОНicinО. Journal of 
Ethnopharmacology, 52, 61-70. 
[56] Basu SK, DО AK, DО A. (2003) Capsicumμ Historical anН botanical pОrspОctivОs. Inμ DО AK (EН), Capsicum: The genus Capsicum, Taylor & 
Francis, NОw York, 1-15. 
[57] Elujoba AA, OНОlОyО O, OgunyОmi C. (2006) TraНitional mОНicinО НОvОlopmОnt for mОНical anН НОntal primary hОalth carО НОlivОry systОm in 
Africa. African Journal of Traditional, Complementary and Alternative Medicines (AJTCAM), 2, 46-61. 
[5κ] εaji AK, BanОrji P. (2016) PhytochОmistry anН gastrointОstinal bОnОfits of thО mОНicinal spicО, Capsicum annuum δ. (Chilli)μ A rОviОw. Journal of 
Complementary and Integrative Medicine, 13, λ7-1ββ. 
[5λ] Arimboor R, Natarajan RB, εОnon KR, ChanНrasОkhar δP, εoorkoth V. (2015) RОН pОppОr (Capsicum annuum) carotОnoiНs as a sourcО of natural 
fooН colorsμ Analysis anН stability—a rОviОw. Journal of Food Science and Technology, 52, 1β5κ-1β71. 
[60] Billing J, ShОrman PW. (1998) Antimicrobial functions of spicОsμ why somО likО it hot. The Quarterly Review of Biology, 73, γ-4λ. 
[61] Sharifi-RaН J, εnayОr D, TabanОlli G, Stojanović-RaНić Z, Sharifi-RaН ε, Yousaf Z, VallonО δ, SОtzОr WN, Iriti ε. (2016) Plants of thО gОnus 
Allium as antibactОrial agОntsμ From traНition to pharmacy. Cellular and Molecular Biology (Noisy-le-Grand, France), 62, 57-6κ. 
[6β] Sharifi-RaН J, SurОНa A, TОnorО GC, Daglia ε, Sharifi-RaН ε, Valussi ε, TunНis R, Sharifi-RaН ε, δoizzo εR, AНОmiluyi AO. (2017) 
Biological activitiОs of ОssОntial oilsμ From plant chОmoОcology to traНitional hОaling systОms. Molecules, 22, 70. 
[6γ] Sharifi-RaН ε, Varoni Eε, SalОhi B, Sharifi-RaН J, εatthОws KR, Ayatollahi SA, KobarfarН F, Ibrahim SA, εnayОr D, Zakaria ZA. (2017) Plants 
of thО gОnus Zingiber as a sourcО of bioactivО phytochОmicalsμ From traНition to pharmacy. Molecules, 22, β145. 
[64] Sharifi-RaН J, Ayatollahi SA, Varoni Eε, SalОhi B, KobarfarН F, Sharifi-RaН ε, Iriti ε, Sharifi-RaН ε. (2017) ChОmical composition anН 
functional propОrtiОs of ОssОntial oils from Nepeta schiraziana Boiss. Farmacia, 65, κ0β-κ1β. 
[65] SalОhi B, Ayatollahi S, SОgura-CarrОtОro A, KobarfarН F, ContrОras ε, Faizi ε, Sharifi-RaН ε, Tabatabai S, Sharifi-RaН J. (2017) BioactivО 
chОmical compounНs in Eremurus persicus (Joub. & Spach) Boiss. ОssОntial oil anН thОir hОalth implications. Cellular and Molecular Biology 
(Noisy-le-Grand), 63, 1-7. 
[66] SharifiǦRaН J, SalОhi B, Varoni Eε, Sharopov F, Yousaf Z, Ayatollahi SA, KobarfarН F, SharifiǦRaН ε, AfНjОi εH, SharifiǦRaН ε. (2017) Plants 
of thО Melaleuca gОnus as antimicrobial agОntsμ From farm to pharmacy. Phytotherapy Research, 31, 1475-14λ4. 
[67] DО δa TorrО TorrОs, JE, Gassara F, Kouassi AP, Brar SK, BОlkacОmi, K. (2017) SpicО usО in fooНμ PropОrtiОs anН bОnОfits. Critical Reviews in Food 
Science and Nutrition, 57, 107κ-10κκ. 
[6κ] Sharifi-RaН ε, Nazaruk J, Polito δ, εorais-Braga εFB, Rocha JE, Coutinho HDε, SalОhi B, TabanОlli G, εontanari C, НОl εar ContrОras ε, 
Yousaf Z, SОtzОr WN, VОrma DR, εartorОll ε, SurОНa A, Sharifi-RaН J. (2018) Matricaria gОnus as a sourcО of antimicrobial agОntsμ From farm to 
pharmacy anН fooН applications. Microbiological Research, 215, 76-κκ. 
[6λ] Sharifi-RaН ε, εnayОr D, εorais-Braga εFB, CarnОiro JNP, BОzОrra CF, Coutinho HDε, SalОhi B, εartorОll ε, НОl εar ContrОras ε, Soltani-
NОjaН A, UribО YAH, Yousaf Z, Iriti ε, Sharifi-RaН J. (2018) Echinacea plants as antioxiНant anН antibactОrial agОntsμ From traНitional mОНicinО 
to biotОchnological applications. Phytotherapy Research, Оarly viОw (httpsμ//Нoi.org/10.100β/ptr.6101). 
[70] Sharifi-RaН J, SalОhi B, SchnitzlОr P, Ayatollahi S, KobarfarН F, Fathi ε, EisazaНОh ε, Sharifi-RaН ε. (2017) SuscОptibility of hОrpОs simplОx 
virus typО 1 to monotОrpОnОs thymol, carvacrol, p-cymОnО anН ОssОntial oils of Sinapis arvensis δ., Lallemantia royleana BОnth. anН Pulicaria 
vulgaris GaОrtn. Cellular and Molecular Biology (Noisy-le-Grand), 63, 4β-47. 
[71] GottarНi D, Bukvicki D, PrasaН S anН Tyagi AK. (2016) BОnОficial EffОcts of SpicОs in FooН PrОsОrvation anН SafОty. Frontiers in microbiology, 7. 
[7β] DorantОs δ, ColmОnОro R, HОrnanНОz H, εota δ, Jaramillo εE, FОrnanНОz E, Solano C. (2000) Inhibition of growth of somО fooНbornО pathogОnic 
bactОria by Capsicum annum Оxtracts. International Journal of Food Microbiology, 57, 1β5-1βκ. 
[7γ] NascimОnto Pδ, NascimОnto TC, Ramos NS, Silva GR, GomОs JEG, Falcão RE, εorОira KA, Porto Aδ, Silva T. (2014) Quantification, antioxiНant 
anН antimicrobial activity of phОnolics isolatОН from НiffОrОnt Оxtracts of Capsicum frutescens (PimОnta εalaguОta). Molecules, 19, 54γ4-5447. 
[74] Bacon K, BoyОr R, DОnbow C, O'KООfО S, NОilson A, Williams R. (2017) AntibactОrial activity of jalapОño pОppОr (Capsicum annuum var. 
annuum) Оxtract fractions against sОlОct fooНbornО pathogОns. Food Science & Nutrition, 5, 7γ0-7γκ. 
A rОviОw of Capsicum spp. Natural Product Communications Vol. 1γ (11) β01κ  1553 
[75] HlОba δ. (2015) AntibactОrial activity of habanОro chili saucОs against sОlОctОН pathogОnic bactОria. Scientific Papers Animal Science and 
Biotechnologies, 48, 1γβ-1γ6. 
[76] Sokołowska B, Sk>pska S, FonbОrg-BroczОk ε, NiОzgoНa J, ChotkiОwicz ε, DОkowska A, Rzoska S. (2012) ThО combinОН ОffОct of high prОssurО 
anН nisin or lysozymО on thО inactivation of Alicyclobacillus acidoterrestris sporОs in applО juicО. High Pressure Research, 32, 11λ-1β7. 
[77] Omolo εA, Wong Z-Z, εОrgОn K, Hastings JC, δО NC, RОil HA, CasО KA, BaumlОr DJ. (2014) Antimicrobial propОrtiОs of chili pОppОrs. Journal 
of Infectious Diseases and Therapy, 2(4), 1000145 
[7κ] CarОaga ε, FОrnánНОz E, DorantОs δ, εota δ, Jaramillo εE, HОrnanНОz-SanchОz H. (2003) AntibactОrial activity of Capsicum Оxtract against 
Salmonella typhimurium anН Pseudomonas aeruginosa inoculatОН in raw bООf mОat. International Journal of Food Microbiology, 83, γγ1-γγ5. 
[7λ] SuliОman HA, AllaahmОН AA. (2012) EffОct of antimicrobial propОrtiОs of pОppОr fruits on somО spoilagО organism of SuНanОsО wОt-saltОН 
fОrmОntОН fish (fassiОkh) proНuct. World's Veterinary Journal, 2(1), 5-10. 
[κ0] Xing F, ChОng G, Yi K. (2006) StuНy on thО antimicrobial activitiОs of thО capsaicin microcapsulОs. Journal of Applied Polymer Science, 102, 
1γ1κ-1γβ1. 
[κ1] HowarН δ, Talcott S, BrОnОs C, Villalon B. (2000) ChangОs in phytochОmical anН antioxiНant activity of sОlОctОН pОppОr cultivars (Capsicum 
spОciОs) as influОncОН by maturity. Journal of Agricultural and Food Chemistry, 48, 171γ-17β0. 
[κβ] NaiНu KA, ThippОswamy NB. (2002) Inhibition of human low НОnsity lipoprotОin oxiНation by activО principlОs from spicОs. Molecular and 
Cellular Biochemistry, 229, 1λ-βγ. 
[κγ] Salimath B, SunНarОsh C, Srinivas δ. (1986) DiОtary componОnts inhibit lipiН pОroxiНation in ОrythrocytО mОmbranО. Nutrition Research, 6, 1171-
117κ. 
[κ4] εatОrska ε, Konopacka ε, Rogolinski J, SlosarОk K. (2015) AntioxiНant activity anН protОctivО ОffОcts against oxiНativО НamagО of human cОlls 
inНucОН by X-raНiation of phОnolic glycosiНОs isolatОН from pОppОr fruits Capsicum annuum δ. Food Chemistry, 168, 546-55γ. 
[κ5] ChОn CY, YОn CY, ShОn Gε, Yu TJ, δiao YS, Jian RI, Wang SC, Tang JY, Chang HW. (2017) AntioxiНant propОrtiОs of fractions for unripО fruits 
of Capsicum annuum δ. var. conoides. Anti-Cancer Agents in Medicial Chemistry, 17, 1λ71-1λ77. 
[κ6] Ito K, Nakazato T, Yamato K, εiyakawa Y, YamaНa T, Hozumi N, SОgawa K, IkОНa Y, Kizaki ε. (2004) InНuction of apoptosis in lОukОmic cОlls 
by homovanillic aciН НОrivativО, capsaicin, through oxiНativО strОssμ implication of phosphorylation of p5γ at SОr-15 rОsiНuО by rОactivО oxygОn 
spОciОs. Cancer Research, 64, 1071-107κ. 
[κ7] Kim HG, BaО JH, JastrzОbski Z, ChОrkas A, HОo BG, GorinstОin S, Ku YG. (2016) BinНing, antioxiНant anН anti-prolifОrativО propОrtiОs of 
bioactivО compounНs of swООt paprika (Capsicum annuum δ.). Plant Foods for Human Nutrition, 71, 1βλ-1γ6. 
[κκ] Park JH, JОon GI, Kim Jε, Park E. (2012) AntioxiНant activity anН antiprolifОrativО action of mОthanol Оxtracts of 4 НiffОrОnt colorОН bОll pОppОrs 
(Capsicum annuum δ.). Food Science and Biotechnology, 21, 54γ-550. 
[κλ] εorittu V, εusco N, Vassalotti G, Gaito S, BaНia AD, Spina A, PОro ε, Squillacioti C, TunНis R, εastОllonО V. (2017) EffОcts of total Оxtracts 
from Capsicum annuum δ. fruits at two НiffОrОnt stagОs of ripОning on oxiНativО status anН mОtabolic profilО in micО. Journal of Nutritional 
Ecology and Food Research, 4, λγ-λ5. 
[λ0] Hassan εH, EНfawy ε, εansour A, HamОН A-A. (2012) AntioxiНant anН antiapoptotic ОffОcts of capsaicin against carbon tОtrachloriНО-inНucОН 
hОpatotoxicity in rats. Toxicology and Industrial Health, 28, 4βκ-4γκ. 
[λ1] Clark R, δОО S-H. (2016) AnticancОr propОrtiОs of capsaicin against human cancОr. Anticancer Research, 36, κγ7-κ4γ. 
[λβ] δiu NC, HsiОh PF, HsiОh εK, ZОng Zε, ChОng Hδ, δiao JW, ChuОh PJ. (2012) Capsaicin-mОНiatОН tNOX (ENOXβ) up-rОgulation ОnhancОs cОll 
prolifОration anН migration in vitro anН in vivo. Journal of Agricultural and Food Chemistry, 60, β75κ-β765. 
[λγ] Pabalan N, Jarjanazi H, OzcОlik H. (2014) ThО impact of capsaicin intakО on risk of НОvОloping gastric cancОrsμ a mОta-analysis. Journal of 
Gastrointestinal Cancer, 45, γγ4-γ41. 
[λ4] Chapa-OlivОr Aε, εОjía-TОniОntО δ. (2016) Capsaicinμ From plants to a cancОr-supprОssing agОnt. Molecules, 21, λγ1. 
[λ5] δin S, Zhang J, ChОn H, ChОn K, δai F, δuo J, Wang Z, Bu H, Zhang R, δi H, Tong H. (2013) InvolvОmОnt of ОnНoplasmic rОticulum strОss in 
capsaicin-inНucОН apoptosis of human pancrОatic cancОr cОlls. Evidence-Based Complementary and Alternative Medicine, 2013, 6βλ750. 
[λ6] εori A, δОhmann S, O'KОlly J, Kumagai T, DОsmonН JC, PОrvan ε, εcBriНО WH, Kizaki ε, KoОfflОr HP. (2006) Capsaicin, a componОnt of rОН 
pОppОrs, inhibits thО growth of anНrogОn-inНОpОnНОnt, p5γ mutant prostatО cancОr cОlls. Cancer Research, 66, γβββ-γββλ. 
[λ7] Pramanik KC, Srivastava SK. (2012) Apoptosis signal-rОgulating kinasО 1-thiorОНoxin complОx Нissociation by capsaicin causОs pancrОatic tumor 
growth supprОssion by inНucing apoptosis. Antioxidants & Redox Signaling, 17, 1417-14γβ. 
[λκ] Skrzypski ε, SassОk ε, AbНОlmОssih S, εОrglОr S, GrötzingОr C, εОtzkО D, WojciОchowicz T, Nowak K, Strowski ε. (2014) Capsaicin inНucОs 
cytotoxicity in pancrОatic nОuroОnНocrinО tumor cОlls via mitochonНrial action. Cellular Signalling, 26, 41-4κ. 
[λλ] δОО SH, Krisanapun C, BaОk SJ. (2010) NSAID-activatОН gОnО-1 as a molОcular targОt for capsaicin-inНucОН apoptosis through a novОl molОcular 
mОchanism involving GSKγbОta, C/EBPbОta anН ATFγ. Carcinogenesis, 31, 71λ-7βκ. 
[100] Amantini C, εorОlli εB, Nabissi ε, CarНinali C, Santoni ε, GismonНi A, Santoni G. (2016) Capsaicin triggОrs autophagic cОll survival which 
НrivОs ОpithОlial mОsОnchymal transition anН chОmorОsistancО in blaННОr cancОr cОlls in an HОНgОhog-НОpОnНОnt mannОr. Oncotarget, 7, 501κ0. 
[101] Buiatti E, Palli D, DОcarli A, AmaНori D, AvОllini C, Bianchi S, BisОrni R, Cipriani F, Cocco P, Giacosa A. (1989) A casО-control stuНy of gastric 
cancОr anН НiОt in Italy. International Journal of Cancer, 44, 611-616. 
[10β] Alonso-Castro AJ, VillarrОal εδ, Salazar-Olivo δA, GomОz-SanchОz ε, DominguОz F, Garcia-Carranca A. (2011) εОxican mОНicinal plants usОН 
for cancОr trОatmОntμ Pharmacological, phytochОmical anН Оthnobotanical stuНiОs. Journal of Ethnopharmacology, 133, λ45-λ7β. 
[10γ] RОzanka T, SiglОr K. (2008) Biologically activО compounНs of sОmi-mОtals. Phytochemistry, 69, 5κ5-606. 
[104] δo YC, Yang YC, Wu IC, Kuo FC, δiu Cε, Wang HW, Kuo CH, Wu JY, Wu DC. (2005) Capsaicin-inНucОН cОll НОath in a human gastric 
aНОnocarcinoma cОll linО. World Journal of Gastroenterology, 11, 6β54-6β57. 
[105] εОral O, Alpay ε, Kismali G, Kosova F, Cakir DU, PОkcan ε, Yigit S, SОl T. (2014) Capsaicin inhibits cОll prolifОration by cytochromО c rОlОasО 
in gastric cancОr cОlls. Tumour Biology, 35, 64κ5-64λβ. 
[106] δОО SH, RicharНson Rδ, DashwooН RH, BaОk SJ. (2012) Capsaicin rОprОssОs transcriptional activity of く-catОnin in human colorОctal cancОr cОlls. 
Journal of Nutritional Biochemistry, 23, 646-655. 
[107] Kim JD, Kim Jε, Pyo JO, Kim SY, Kim BS, Yu R, Han IS. (1997) Capsaicin can altОr thО ОxprОssion of tumor forming-rОlatОН gОnОs which might 
bО followОН by inНuction of apoptosis of a KorОan stomach cancОr cОll linО, SNU-1. Cancer Letters, 120, βγ5-β41. 
[10κ] Park SY, Kim JY, δОО Sε, Jun CH, Cho SB, Park CH, Joo YE, Kim HS, Choi SK, RОw JS. (2014) Capsaicin inНucОs apoptosis anН moНulatОs 
εAPK signaling in human gastric cancОr cОlls. Molecular Medicine Reports, 9, 4λλ-50β. 
[10λ] Huh HC, δОО SY, δОО SK, Park NH, Han IS. (2011) Capsaicin inНucОs apoptosis of cisplatin-rОsistant stomach cancОr cОlls by causing НОgraНation 
of cisplatin-inНuciblО Aurora-A protОin. Nutrition and Cancer, 63, 10λ5-110γ. 
[110] δu HF, ChОn Yδ, Yang JS, Yang YY, δiu JY, Hsu SC, δai KC, Chung JG. (2010) Antitumor activity of capsaicin on human colon cancОr cОlls in 
vitro anН colo β05 tumor xОnografts in vivo. Journal of Agricultural and Food Chemistry, 58, 1βλλλ-1γ005. 
[111] Jin J, δin G, Huang H, Xu D, Yu H, εa X, Zhu δ, εa D, Jiang H. (2014) Capsaicin mОНiatОs cОll cyclО arrОst anН apoptosis in human colon cancОr 
cОlls via stabilizing anН activating p5γ. International Journal of Biolical Sciences, 10, βκ5-βλ5. 
1554  Natural Product Communications Vol. 1γ (11) β01κ SalОhi et al. 
[11β] εaoka T, εochiНa K, Kozuka ε, Ito Y, Fujiwara Y, Hashimoto K, Enjo F, Ogata ε, Nobukuni Y, TokuНa H, Nishino H. (2001) CancОr 
chОmoprОvОntivО activity of carotОnoiНs in thО fruits of rОН paprika Capsicum annuum δ. Cancer Letters, 172, 10γ-10λ. 
[11γ] Brito-ArgáОz δ, Tamayo-SansorОs JA, εaНОra-Piña D, García-Villalobos FJ, εoo-Puc RE, Kú-GonzálОz Á, VillanuОva εA, Islas-FlorОs I. (2016) 
BiochОmical charactОrization anН immunolocalization stuНiОs of a Capsicum chinense Jacq. protОin fraction containing DING protОins anН anti-
microbial activity. Plant Physiology and Biochemistry, 109, 50β-514. 
[114] FОrnanНo εS, δigia BA, εayra DB, Ignacio IF. (2011) A rОviОw of a promising thОrapОutic anН agronomical altОrnativОμ Antimicrobial pОptiНОs 
from Capsicum sp. African Journal of Biotechnology, 10, 1λλ1κ-1λλβκ. 
[115] Kwon YI, ApostoliНis E, ShОtty K. (2007) Evaluation of pОppОr (Capsicum annuum) for managОmОnt of НiabОtОs anН hypОrtОnsion. Journal of 
Food Biochemistry, 31, γ70-γκ5. 
[116] Oboh G, AНОmiluyi AO, AkinyОmi AJ, HОnlО T, Saliu JA, SchwarzОnbolz U. (2012) Inhibitory ОffОct of polyphОnol-rich Оxtracts of jutО lОaf 
(Corchorus olitorius) on kОy ОnzymО linkОН to typО β НiabОtОs (g-amylasО anН g-glucosiНasО) anН hypОrtОnsion (angiotОnsin I convОrting) in vitro. 
Journal of Functional Foods, 4, 450-45κ. 
[117] Ahuja KD, RobОrtson IK, GОraghty DP, Ball εJ. (2006) EffОcts of chili consumption on postpranНial glucosО, insulin, anН ОnОrgy mОtabolism. 
American Journal of Clinical Nutrition, 84, 6γ-6λ. 
[11κ] TunНis R, δoizzo εR, εОnichini F, BonОsi ε, Conforti F, Statti G, DО δuca D, НО CinНio B, εОnichini F. (2011) ComparativО stuНy on thО 
chОmical composition, antioxiНant propОrtiОs anН hypoglycaОmic activitiОs of two Capsicum annuum δ. cultivars (acuminatum small anН 
cerasiferum). Plant Foods for Human Nutrition, 66, β61. 
[11λ] SricharoОn P, δamaiphan N, Patthawaro P, δimchoowong N, TОchawongstiОn S, Chanthai S. (2017) PhytochОmicals in Capsicum olОorОsin from 
НiffОrОnt variОtiОs of hot chilli pОppОrs with thОir antiНiabОtic anН antioxiНant activitiОs НuО to somО phОnolic compounНs. Ultrasonics 
Sonochemistry, 38, 6βλ-6γλ. 
[1β0] ViОira BarН GC, NascimОnto VV, OlivОira AE, RoНriguОs R, Da Cunha ε, Dias GB, VasconcОlos Iε, Carvalho AO, GomОs Vε. (2014) Vicilin-
likО pОptiНОs from Capsicum baccatum δ. sООНs arО g-amylasО inhibitors anН Оxhibit antifungal activity against important yОasts in mОНical 
mycology. Biopolymers, 102, γγ5-γ4γ. 
[1β1] Khan I, AhmaН H, AhmaН B. (2014) Anti-glycationanН Anti-oxiНation propОrtiОs of Capsicum frutescens anН Curcuma longa fruitsμ PossiblО rolО 
in prОvОntion of НiabОtic complication. Pakistan Journal of Pharmaceutical Sciences, 27, 1γ5λ-1γ6β. 
[1ββ] Chaiyasit K, KhoviНhunkit W, WittayalОrtpanya S. (2009) PharmacokinОtic anН thО ОffОct of capsaicin in Capsicum frutescens on НОcrОasing 
plasma glucosО lОvОl. Journal of the Medical Association of Thailand, 92, 10κ-11γ. 
[1βγ] Chaiyata P, PuttaНОchakum S, KominНr S. (2003) EffОct of chili pОppОr (Capsicum frutescens) ingОstion on plasma glucosО rОsponsО anН mОtabolic 
ratО in Thai womОn. Journal of the Medical Association of Thailand, 86, κ54-κ60. 
[1β4] NagasukООrthi P, εoovОnthan A, εanjunath NK. (2017) Short-tОrm ОffОct of aНН on bОll pОppОr (Capsicum annuum var. grossum) juicО with 
intОgratОН approach of yoga thОrapy on blooН glucosО lОvОls anН carНiovascular functions in patiОnts with typО β НiabОtОs mОllitusμ A ranНomizОН 
controllОН stuНy. Complementary Therapies in Medicine, 34, 4β-45. 
[1β5] δi J, Wang R, Xiao C. (2014) Association bОtwООn chilli fooН habits with iron status anН insulin rОsistancО in a ChinОsО population. Journal of 
Medicinal Food, 17, 47β-47κ. 
[1β6] Yuan δJ, Qin Y, Wang δ, ZОng Y, Chang H, Wang J, Wang B, Wan J, ChОn SH, Zhang QY, Zhu JD, Zhou Y, εi εT. (2016) Capsaicin-containing 
chili improvОН postpranНial hypОrglycОmia, hypОrinsulinОmia, anН fasting lipiН НisorНОrs in womОn with gОstational НiabОtОs mОllitus anН lowОrОН 
thО inciНОncО of largО-for-gОstational-agО nОwborns. Clinical Nutrition, 35, γκκ-γλγ. 
[1β7] VarghОsО S, Kubatka P, RoНrigo δ, GazНikova K, CaprnНa ε, FОНotova J, Zulli A, Kruzliak P, BüssОlbОrg D. (2017) Chili pОppОr as a boНy 
wОight-loss fooН. International Journal of Food Sciences and Nutrition, 68, γλβ-401. 
[1βκ] Srinivasan K. (2016) Biological activitiОs of rОН pОppОr (Capsicum annuum) anН its pungОnt principlО capsaicinμ A rОviОw. Critical Reviews in 
Food Science and Nutrition, 56, 14κκ-1500. 
[1βλ] PlatОl K, Srinivasan K. (2004) DigОstivО stimulant action of spicОsμ A myth or rОality? Indian Journal of Medical Research, 119, 167. 
[1γ0] JОnsОn-Jarolim E, GajНzik δ, HabОrl I, Kraft D, SchОinОr O, Graf J. (1998) Hot spicОs influОncО pОrmОability of human intОstinal ОpithОlial 
monolayОrs. Journal of Nutrition, 128, 577-5κ1. 
[1γ1] DОbrОcОni A, AbНОl-Salam Oε, FiglОr ε, Juricskay I, Szolcsányi J, εózsik G. (1999) Capsaicin incrОasОs gastric Оmptying ratО in hОalthy human 
subjОcts mОasurОН by 1γC-labОlОН octanoic aciН brОath tОst. Journal of Physiology-Paris, 93, 455-460. 
[1γβ] van Wyk CW, OliviОr A, НО εiranНa C, van НОr Bijl P, GroblОr-RabiО AF, Chalton DO. (1995) EffОct of chilli (Capsicum frutescens) Оxtract on 
prolifОration of oral mucosal fibroblasts. Indian Journal of Experimental Biology, 33, β44-β4κ. 
[1γγ] εaji AK, BanОrji P. (2016) PhytochОmistry anН gastrointОstinal bОnОfits of thО mОНicinal spicО, Capsicum annuum δ. (chilli)μ A rОviОw. Journal of 
Complementary and Integral Medicine, 13, λ7-1ββ. 
[1γ4] Satyanarayana εN. (2006) Capsaicin anН gastric ulcОrs. Critical Reviews in Food Science and Nutrition, 46, β75-γβκ. 
[1γ5] εózsik G, Szolcsányi J, Dömötör A. (2007) Capsaicin rОsОarch as a nОw tool to approach of thО human gastrointОstinal physiology, pathology anН 
pharmacology. Inflammopharmacology, 15, βγβ-β45. 
[1γ6] εózsik G. (2014) Capsaicin as nОw orally applicablО gastroprotОctivО anН thОrapОutic Нrug alonО or in combination with nonstОroiНal anti-
inflammatory Нrugs in hОalthy human subjОcts anН in patiОnts. Progress in Drug Research, 68, β0λ-β5κ. 
[1γ7] Bortolotti ε, Coccia G, Grossi G, εiglioli ε. (2002) ThО trОatmОnt of functional НyspОpsia with rОН pОppОr. Alimentary Pharmacology and 
Therapeutics, 16, 1075-10κβ. 
[1γκ] ChОn Cδ, δiu TT, Yi CH, Orr WC. (2010) EffОcts of capsaicin-containing rОН pОppОr saucО suspОnsion on ОsophagОal sОconНary pОristalsis in 
humans. Neurogastroenterol Motil, 22, 1177-11κβ, О1γ1β-117γ. 
[1γλ] δiu TT, Yi CH, δОi WY, Hung XS, Yu HC, ChОn Cδ. (2014) InfluОncО of rОpОatОН infusion of capsaicin-containОН rОН pОppОr saucО on ОsophagОal 
sОconНary pОristalsis in humans. Neurogastroenterology & Motility, 26, 14κ7-14λγ. 
[140] HОrrОra-δópОz JA, εОjía-Rivas εA, Vargas-Vorackova F, ValНovinos-Díaz εA. (2010) Capsaicin inНuction of ОsophagОal symptoms in НiffОrОnt 
phОnotypОs of gastroОsophagОal rОflux НisОasО. Revista de Gastroenterología de México, 75, γλ6-404. 
[141] Kang JY, YОoh KG, Chia HP, δОО HP, Chia YW, Guan R, Yap I. (1995) Chili--protОctivО factor against pОptic ulcОr? Digestive Diseases and 
Sciences, 40, 576-57λ. 
[14β] εozsik G, Szolcsanyi J, Racz I. (2005) GastroprotОction inНucОН by capsaicin in hОalthy human subjОcts. World Journal of Gastroenterology, 11, 
51κ0-51κ4. 
[14γ] YОoh KG, Kang JY, Yap I, Guan R, Tan CC, WОО A, TОng CH. (1995) Chili protОcts against aspirin-inНucОН gastroНuoНОnal mucosal injury in 
humans. Digestive Diseases and Sciences, 40, 5κ0-5κγ. 
[144] Bortolotti ε, Coccia G, Grossi G, εiglioli ε. (2002) ThО trОatmОnt of functional НyspОpsia with rОН pОppОr. Alimentary Pharmacology & 
Therapeutics, 16, 1075-10κβ. 
[145] Khan FA, εahmooН T, Ali ε, SaООН A, εaalik A. (2014) Pharmacological importancО of an Оthnobotanical plantμ Capsicum annuum δ. Natural 
Product Research, 28, 1β67-1β74. 
A rОviОw of Capsicum spp. Natural Product Communications Vol. 1γ (11) β01κ  1555 
[146] DО εarino S, BorbonО N, Gala F, Zollo F, Fico G, Pagiotti R, Iorizzi ε. (2006) NОw constituОnts of swООt Capsicum annuum δ. fruits anН 
Оvaluation of thОir biological activity. Journal of Agricultural and Food Chemistry, 54, 750κ-7516. 
[147] εokhtar ε, GinОstra G, YoucОfi F, Filocamo A, Bisignano C, Riazi A. (2017) Antimicrobial activity of sОlОctОН polyphОnols anН capsaicinoiНs 
iНОntifiОН in pОppОr (Capsicum annuum δ.) anН thОir possiblО moНО of intОraction. Current Microbiology, 74, 1β5γ-1β60. 
[14κ] CarОaga ε, FОrnanНОz E, DorantОs δ, εota δ, Jaramillo εE, HОrnanНОz-SanchОz H. (2003) AntibactОrial activity of Capsicum Оxtract against 
Salmonella typhimurium anН Pseudomonas aeruginosa inoculatОН in raw bООf mОat. International Journal of Food Microbiology, 83, γγ1-γγ5. 
[14λ] δampО JW. (2003) Spicing up a vОgОtarian НiОtμ ChОmoprОvОntivО ОffОcts of phytochОmicals. American Journal of Clinical Nutrition, 78, 57λS-
5κγS. 
[150] AНamu Hε, AbayОh OJ, Agho εO, AbНullahi Aδ, Uba A, Dukku HU, WufОm Bε. (2005) An Оthnobotanical survОy of Bauchi StatО hОrbal plants 
anН thОir antimicrobial activity. Journal of Ethnopharmacology, 99, 1-4. 
[151] TavОira GB, εathias δS, Нa εotta OV, εachaНo Oδ, RoНriguОs R, Carvalho AO, TОixОira-FОrrОira A, PОralОs J, VasconcОlos Iε, GomОs Vε. 
(2014) Thionin-likО pОptiНОs from Capsicum annuum fruits with high activity against human pathogОnic bactОria anН yОasts. Biopolymers, 102, γ0-
γλ. 
[15β] ChattОrjОО S, Asakura ε, ChowНhury N, NОogi SB, Sugimoto N, HalНar S, Awasthi SP, HinОnoya A, Aoki S, Yamasaki S. (2010) Capsaicin, a 
potОntial inhibitor of cholОra toxin proНuction in Vibrio cholerae. FEMS Microbiology Letters, 306, 54-60. 
[15γ] Yamasaki S, Asakura ε, NОogi SB, HinОnoya A, Iwaoka E, Aoki S. (2011) Inhibition of virulОncО potОntial of Vibrio cholerae by natural 
compounНs. Indian Journal of Medical Research, 133, βγβ-βγλ. 
[154] RibОiro SF, Carvalho AO, Da Cunha ε, RoНriguОs R, Cruz δP, εОlo Vε, VasconcОlos Iε, εОlo EJ, GomОs Vε. (2007) Isolation anН 
charactОrization of novОl pОptiНОs from chilli pОppОr sООНsμ antimicrobial activitiОs against pathogОnic yОasts. Toxicon, 50, 600-611. 
[155] Cruz δP, RibОiro SF, Carvalho AO, VasconcОlos Iε, RoНriguОs R, Da Cunha ε, GomОs Vε. (2010) Isolation anН partial charactОrization of a 
novОl lipiН transfОr protОin (δTP) anН antifungal activity of pОptiНОs from chilli pОppОr sООНs. Protein and Peptide Letters, 17, γ11-γ1κ. 
[156] Anaya-δópОz Jδ, δópОz-εОza JE, Baizabal-AguirrО Vε, Cano-Camacho H, Ochoa-Zarzosa A. (2006) FungiciНal anН cytotoxic activity of a 
Capsicum chinense НОfОnsin ОxprОssОН by ОnНothОlial cОlls. Biotechnology Letters, 28, 1101-110κ. 
[157] JonОs Nδ, Shabib S, ShОrman Pε. (1997) Capsaicin as an inhibitor of thО growth of thО gastric pathogОn Helicobacter pylori. FEMS Microbiology 
Letters, 146, ββγ-ββ7. 
[15κ] δuo XJ, PОng J, δi YJ. (2011) RОcОnt aНvancОs in thО stuНy on capsaicinoiНs anН capsinoiНs. European Journal of Pharmacology, 650, 1-7. 
[15λ] DОrry S, SvОn-RicО A, ColО P, Tan T, εoorО RA. (2013) Topical capsaicin (high concОntration) for chronic nОuropathic pain in aНults. Cochrane 
Database of Systematic Reviews, 2, CD007γλγ. 
[160] εcCarthy Gε, εcCarty DJ. (1992) EffОct of topical capsaicin in thО thОrapy of painful ostОoarthritis of thО hanНs. Journal of Rheumatology, 19, 
604-607. 
[161] DОal Cδ, SchnitzОr TJ, δipstОin E, SОibolН JR, StОvОns Rε, δОvy εD, AlbОrt D, RОnolН F. (1991) TrОatmОnt of arthritis with topical capsaicinμ A 
НoublО-blinН trial. Clinical Therapeutics, 13, γκγ-γλ5. 
[16β] Group CS. (1992) EffОct of trОatmОnt with capsaicin on Нaily activitiОs of patiОnts with painful НiabОtic nОuropathy. Diabetes Care, 15, 15λ-165. 
[16γ] DОrry S, δloyН R, εoorО RA, εcQuay HJ. (2009) Topical capsaicin for chronic nОuropathic pain in aНults. Cochrane Database of Systematic 
Reviews, 2009, CD007γλγ. 
[164] AnanН P, BlОy K. (2011) Topical capsaicin for pain managОmОntμ ThОrapОutic potОntial anН mОchanisms of action of thО nОw high-concОntration 
capsaicin κ% patch. British Journal of Anaesthesiology, 107, 4λ0-50β. 
[165] Glinski W, Glinska-FОrОnz ε, PiОrozynska-Dubowska ε. (1991) NОurogОnic inflammation inНucОН by capsaicin in patiОnts with psoriasis. Acta 
Dermato-venereologica, 71, 51-54. 
[166] ArnolН WP, van НО KОrkhof PC. (1994) Topical capsaicin in pruritic psoriasis. Journal of the American Academy of Dermatology, 31, 1γ5. 
[167] εankowski C, PoolО CD, Ernault E, Thomas R, BОrni E, CurriО CJ, TrОaНwОll C, Calvo JI, Plastira C, ZafОiropoulou E. (2017) EffОctivОnОss of thО 
capsaicin κ% patch in thО managОmОnt of pОriphОral nОuropathic pain in EuropОan clinical practicОμ ThО ASCEND stuНy. BMC Neurology, 17, κ0. 
[16κ] Yong Yδ, Tan δT-H, εing δC, Chan K-G, δОО δ-H, Goh B-H, Khan Tε. (2017) ThО ОffОctivОnОss anН safОty of topical capsaicin in posthОrpОtic 
nОuralgiaμ A systОmatic rОviОw anН mОta-analysis. Frontiers in Pharmacology, 7, 5γκ. 
[16λ] Chung ε-K, CampbОll JN. (2016) UsО of capsaicin to trОat painμ εОchanistic anН thОrapОutic consiНОrations. Pharmaceuticals, 9, 66. 
[170] Knotkova H, Pappagallo ε, Szallasi A. (2008) Capsaicin (TRPV1 agonist) thОrapy for pain rОliОfμ FarОwОll or rОvival? Clinical Journal of Pain, 24, 
14β-154. 
[171] Whiting S, DОrbyshirО E, Tiwari B. (2012) Is thОrО potОntial to usО bio-activО compounНs (capsaicinoiНs) as innovativО wОight managОmОnt aiНs? A 
mОta-analysis of ОviНОncО. The Proceedings of the Nutrition Society, 71(OCEβ), E16λ. 
[17β] δОjОunО εP, Kovacs Eε, WОstОrtОrp-PlantОnga εS. (2003) EffОct of capsaicin on substratО oxiНation anН wОight maintОnancО aftОr moНОst boНy-
wОight loss in human subjОcts. British Journal of Nutrition, 90, 651-65λ. 
[17γ] Ahuja KD, Ball εJ. (2006) EffОcts of Нaily ingОstion of chilli on sОrum lipoprotОin oxiНation in aНult mОn anН womОn. British Journal of Nutrition, 
96, βγλ-β4β. 
[174] δim K, Yoshioka ε, Kikuzato S, Kiyonaga A, Tanaka H, ShinНo ε, Suzuki ε. (1997) DiОtary rОН pОppОr ingОstion incrОasОs carbohyНratО 
oxiНation at rОst anН Нuring ОxОrcisО in runnОrs. Medicine and Science in Sports and Exercise, 29, γ55-γ61. 
[175] HОnry CJ, EmОry B. (1986) EffОct of spicОН fooН on mОtabolic ratО. Human Nutrition. Clinical Nutrition, 40, 165-16κ. 
[176] Yoshioka ε, DoucОt E, DrapОau V, DionnО I, TrОmblay A. (2001) CombinОН ОffОcts of rОН pОppОr anН caffОinО consumption on β4 h ОnОrgy 
balancО in subjОcts givОn frОО accОss to fooНs. British Journal of Nutrition, 85, β0γ-β11. 
[177] Yoshioka ε, δim K, Kikuzato S, Kiyonaga A, Tanaka H, ShinНo ε, Suzuki ε. (1995) EffОcts of rОН-pОppОr НiОt on thО ОnОrgy mОtabolism in mОn. 
Journal of Nutritional Science and Vitaminology (Tokyo), 41, 647-656. 
[17κ] Yoshioka ε, St-PiОrrО S, Suzuki ε, TrОmblay A. (1998) EffОcts of rОН pОppОr aННОН to high-fat anН high-carbohyНratО mОals on ОnОrgy 
mОtabolism anН substratО utilization in JapanОsО womОn. British Journal of Nutrition, 80, 50γ-510. 
[17λ] Yoshioka ε, Imanaga ε, UОyama H, YamanО ε, Kubo Y, Boivin A, St-AmanН J, Tanaka H, Kiyonaga A. (2004) εaximum tolОrablО НosО of rОН 
pОppОr НОcrОasОs fat intakО inНОpОnНОntly of spicy sОnsation in thО mouth. British Journal of Nutrition, 91, λλ1-λλ5. 
[1κ0] SmООts AJ, JanssОns Pδ, WОstОrtОrp-PlantОnga εS. (2013) AННition of capsaicin anН ОxchangО of carbohyНratО with protОin countОract ОnОrgy 
intakО rОstriction ОffОcts on fullnОss anН ОnОrgy ОxpОnНiturО. Journal of Nutrition, 143, 44β-447. 
[1κ1] δuНy εJ, εattОs RD. (2011) ThО ОffОcts of hОНonically accОptablО rОН pОppОr НosОs on thОrmogОnОsis anН appОtitО. Physiology & Behavior, 102, 
β51-β5κ. 
[1κβ] WОstОrtОrp-PlantОnga εS, SmООts A, δОjОunО εP. (2005) SОnsory anН gastrointОstinal satiОty ОffОcts of capsaicin on fooН intakО. International 
Journal of Obesity (London), 29, 6κβ-6κκ. 
[1κγ] DiОpvОns K, WОstОrtОrp KR, WОstОrtОrp-PlantОnga εS. (2007) ObОsity anН thОrmogОnОsis rОlatОН to thО consumption of caffОinО, ОphОНrinО, 
capsaicin, anН grООn tОa. American Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 292, R77-Rκ5. 
1556  Natural Product Communications Vol. 1γ (11) β01κ SalОhi et al. 
[1κ4] Yoshioka ε, St-PiОrrО S, Suzuki ε, TrОmblay A. (1998) EffОcts of rОН pОppОr aННОН to high-fat anН high-carbohyНratО mОals on ОnОrgy 
mОtabolism anН substratО utilization in JapanОsО womОn. British Journal of Nutrition, 80, 50γ-510. 
[1κ5] Tsi D, Nah AKH, Kiso Y, εoritani T, Ono H. (2003) Clinical stuНy on thО combinОН ОffОct of capsaicin, grООn tОa Оxtract anН ОssОncО of chickОn 
on boНy fat contОnt in human subjОcts. Journal of Nutritional Science and Vitaminology, 49, 4γ7-441. 
[1κ6] Ohnuki K, Niwa S, εaОНa S, InouО N, Yazawa S, Fushiki T. (2001) CH-1λ SwООt, a non-pungОnt cultivar of rОН pОppОr, incrОasОН boНy 
tОmpОraturО anН oxygОn consumption in humans. Bioscience Biotechnology and Biochemistry, 65, β0γγ-β0γ6. 
[1κ7] YonОshiro T, Aita S, Kawai Y, Iwanaga T, Saito ε. (2012) NonpungОnt capsaicin analogs (capsinoiНs) incrОasО ОnОrgy ОxpОnНiturО through thО 
activation of brown aНiposО tissuО in humans. American Journal of Clinical Nutrition, 95, κ45-κ50. 
[1κκ] δОjОunО εP, Kovacs Eε, WОstОrtОrp-PlantОnga εS. (2003) EffОct of capsaicin on substratО oxiНation anН wОight maintОnancО aftОr moНОst boНy-
wОight loss in human subjОcts. British Journal of Nutrition, 90, 651-65λ. 
[1κλ] TОtОns I. (2011) EFSA PanОl on DiОtОtic ProНucts, Nutrition anН AllОrgiОsν SciОntific opinion on thО substantiation of hОalth claims rОlatОН to 
crОatinО anН incrОasОН attОntion (ID 15β4) anН improvОmОnt of mОmory (ID 15βκ) pursuant to ArticlО 1γ (1) of RОgulation (EC) No 1λβ4/β006. 
EFSA Journal, 9(6), ββ16. 
[1λ0] Saito ε, YonОshiro T. (2013) CapsinoiНs anН rОlatОН fooН ingrОНiОnts activating brown fat thОrmogОnОsis anН rОНucing boНy fat in humans. 
Current Opinion in Lipidology, 24, 71-77. 
[1λ1] Ibrahim ε, Jang ε, Park ε, GobiananН K, You S, YОon S-H, Park S, Kim εJ, δОО H-J. (2015) Capsaicin inhibits thО aНipogОnic НiffОrОntiation of 
bonО marrow mОsОnchymal stОm cОlls by rОgulating cОll prolifОration, apoptosis, oxiНativО anН nitrosativО strОss. Food & Function, 6, β165-β17κ. 
[1λβ] Song J-X, RОn H, Gao Y-F, δОО C-Y, δi S-F, Zhang F, δi δ, ChОn H. (2017) DiОtary capsaicin improvОs glucosО homОostasis anН altОrs thО gut 
microbiota in obОsО НiabОtic ob/ob micО. Frontiers in Physiology, 8, 60β. 
[1λγ] ShОn W, ShОn ε, Zhao X, Zhu H, Yang Y, δu S, Tan Y, δi G, δi ε, Wang J. (2017) Anti-obОsity ОffОct of capsaicin in micО fОН with high-fat НiОt 
is associatОН with an incrОasО in population of thО gut bactОrium Akkermansia muciniphila. Frontiers in Microbiology, 8, β7β. 
[1λ4] Hu Y-W, εa X, Huang J-δ, εao X-R, Yang J-Y, Zhao J-Y, δi S-F, Qiu Y-R, Yang J, ZhОng δ. (2013) DihyНrocapsaicin attОnuatОs plaquО 
formation through a PPARけ/δXRg pathway in apoО−/− micО fОН a high-fat/high-cholОstОrol НiОt. PLoS One, 8, О66κ76. 
[1λ5] SinglОtary K. (2011) RОН pОppОrμ ovОrviОw of potОntial hОalth bОnОfits. Nutrition Today, 46, γγ-47. 
[1λ6] Нa Silva TrОmarin C, Casali KR, εОurОr δ, Schaan BDA. (2014) Capsaicin-inНucОН mОtabolic anН carНiovascular autonomic improvОmОnt in an 
animal moНОl of thО mОtabolic synНromО. British Journal of Nutrition, 111, β07-β14. 
[1λ7] Hsu Y-J, Huang W-C, Chiu C-C, δiu Y-δ, Chiu W-C, Chiu C-H, Chiu Y-S, Huang C-C. (2016) Capsaicin supplОmОntation rОНucОs physical 
fatiguО anН improvОs ОxОrcisО pОrformancО in micО. Nutrients, 8, 64κ. 
[1λκ] δi J, Wang R, Xiao C. (2014) Association bОtwООn chilli fooН habits with iron status anН insulin rОsistancО in a ChinОsО population. Journal of 
Medicinal Food, 17, 47β-47κ. 
[1λλ] Huang W, ChОang WS, Wang X, δОi δ, δiu Y, εa KY, ZhОng F, Huang Y, ChОn Z-Y. (2014) CapsaicinoiНs but not thОir analoguО capsinoiНs 
lowОr plasma cholОstОrol anН possОss bОnОficial vascular activity. Journal of Agricultural and Food Chemistry, 62, κ415-κ4β0. 
[β00] FraОnkОl δ, BogarНus ST, Concato J, Wittink DR. (2004) TrОatmОnt options in knОО ostОoarthritisμ ThО patiОnt's pОrspОctivО. Archives of Internal 
Medicine, 164, 1βλλ-1γ04. 
[β01] PrasaН NS, RaghavОnНra R, δokОsh BR, NaiНu KA. (2004) SpicО phОnolics inhibit human PεNδ 5-lipoxygОnasО. Prostaglandins, Leukotrienes 
and Essential Fatty Acids, 70, 5β1-5βκ. 
 
Natural Product Communications Vol. 1γ (11) β01κ 
PublishОН onlinО (www.naturalproНuct.us) 
 
 
Synthesis and Biological Activity of Novel Comenic Acid Derivatives Containing Isoxazole and Isothiazole Moieties 
AlОxОy V. KlОtskov, VlaНimir I. Potkin, Irina A. KolОsnik, SОrgОy K. PОtkОvich,  Anastasia V. Kvachonak, εargarita O. Dosina,  
Diana だ. δoiko, εaria V. δarchОnko, SvОtlana G. PashkОvich anН VlaНimir A. Kulchitsky     1507 
 
Characterization and Quantitation of Polyphenolic Compounds in Senna gardneri and S. georgica from the Northeast of Brazil 
Irvila RicartО НО O. εaia, εaria TОrОsa SallОs TrОvisan, εaria GorОtti НО V. Silva, AnНrОa BrОuОr anН RobОrt W. OwОn   1511 
 
Identification of 6,7-Dimethoxychromone as a Potent Allelochemical from Jatropha podagrica 
Sutjaritpan BoonmОО, Arihiro Iwasaki, KiyotakО SuОnaga anН Hisashi Kato-Noguchi      1515 
 
Identification and Quantification of Human Neutrophil Elastase Inhibitory Caffeoylquinic Acids in the Leaves of Aster koraiensis  
Ik-Soo δОО, Chan-Sik Kim anН Jin Sook Kim         1519 
 
Antitumor Effects of Nordihydroguaiaretic Acid (NDGA) in Bladder T24 Cancer Cells are Related to Increase in ROS Production  
and Mitochondrial Leak Respiration 
Gustavo Ignacio VázquОz-CОrvantОsa, Karla VillasОñor-Aguayoa, JacquОlinО HОrnánНОz-Damiána, Omar Emiliano Aparicio-TrОjoa,  
Omar NoОl εОНina-Camposa, RОbОca δópОz-εarurОb anН José PОНraza-ChavОrria      1523 
 
Effect of Precursor and Phytohormones on Podophyllotoxin Production in Juniperus virginiana Suspension Cultures 
εariО Kašparová, Pavla PilaUová, δОnka T]mová anН Tomáš Siatka       1527 
 
Effect of Resveratrol Dimers and Tetramers Isolated from Vitaceous and Dipterocarpaceous Plants on Human SIRT1  
Enzyme Activity 
Kiyomi Hikita, Norikazu SОto, YusukО Takahashi, Ayako Nishigaki, Yuya Suzuki, Tomiyasu εurata, Arthorn δoisruangsin,  
Nanik Siti Aminah, Yoshiaki Takaya, εasatakО Niwa anН Norio KanОНa       1531 
 
A Concise Asymmetric Synthesis of the Macrolide Antibiotic (-)-A26771B and Evaluation of its Antibacterial Activity and  
Some of its Precursors 
SuchОta ChattОrjОО, εahОsh Subramanian, Anubha Sharma anН Subrata ChattopaНhyay      1535 
 
Screening of Chemical Composition, in vitro Antioxidant, -Amylase and -Glucosidase Inhibitory Activities of the Leaf Essential  
Oils of Cinnamomum wightii from Different Populations 




Potential Phytopharmacy and Food Applications of Capsicum spp.: A Comprehensive Review 
BaharО SalОhi, Alan JaviОr HОrnánНОz-ÁlvarОz, εaría НОl εar ContrОras, εiquОl εartorОll, Karina RamírОz-Alarcón,  
Guiomar εОlgar-δalannО, Karl R. εatthОws, εОhНi Sharifi-RaН, William N. SОtzОr, εuhammaН NaНООm, ZubaiНa Yousaf anН  
JavaН Sharifi-RaН            1543 
 
A Review of Common Medicinal Plants in Chin State, Myanmar 
Zaw εin Thu, εya εu AyО, Hnin ThanНa Aung, εyint εyint SОin anН Giovanni ViНari      1557 
Natural Product Communications 
2018 
VolumО 1γ, NumbОr 11 
ContОnts 
Original Paper Page 
Sesquiterpenes Isolated from Aspergillus fumigatus, an Endophytic Fungus from Ligusticum wallichii 
Xiao-Hua δi, Han-WОn Hu, δu Tan, WОn-δin Wu, Zhi-Xing Cao, Yu-ChОng Gu, Yun DОng anН Da-lО Guo 1419 
 
Kojic Acid Derivatives and Sesquiterpenes from the Aspergillus flavus GZWMJZ-288, A Fungal Endophyte of Garcinia multiflora 
Yanchao Xu, δiping Wang, Qianyu Gong, Guoliang Zhu, Chunmao Yuan, εingxing Zuo, Qing Rao, WОiming Zhu anН Xiaojiang Hao 1421 
 
A New Taxane Diterpenoid and a New Neolignan from Taxus baccata 
Xiaoyun δОi, Shuai Huang, Hu Xiao, FОng Gao anН Xianli Zhou  1425 
 
Diterpenoid Alkaloids from Delphinium aemulans 
NurfiНa Ablajan, Bo Zhao, WОnjuan XuО, ZukОla Ruzi, Jiangyu Zhao anН Haji AkbОr Aisa 1429 
 
Trinulactones A–D, New Dinorsesterterpenoids from Streptomyces sp. S006 
FОifОi WОi, WОn δi, RОntai Song anН YuОmao ShОn 1433 
 
Grapefruit Seed Extract Inhibits the Formation of Amyloid-like Fibrils by Trypsin in Aqueous Ethanol  
PhaninНra Babu Kasi, Attila Borics, εónika Varga, Gábor EnНrО, Kinga εolnár, δajos δászló anН εárta Kotormán 1437 
 
Lanostane-type Triterpenoids from Ganoderma lucidum and G. multipileum Fruiting Bodies 
Pham Thanh Binh, NguyОn Phuong Thao, NguyОn Thi δuyОn, Duong Thu Trang, Phung Thi Xuan Binh, NguyОn Phuong Dai NguyОn, 
NguyОn Tuan HiОp, NguyОn Hai Dang, Tran εanh Tri anН NguyОn TiОn Dat 1441 
 
Cytotoxic Effects of Cucurbitacin I and Ecballium elaterium on Breast Cancer Cells 
KaНir Yılmaz, Fuat Karakuş, Ergül Eyol, Emir Tosun, İsmОt Yılmaz anН Songül Ünüvar 1445 
 
Anti-HIV-1 Activities and Chemical Constituents from Leaves and Twigs of Santisukia pagetii (Bignoniaceae)  
Suphitcha δimjiasahapong, Patoomratana TuchinНa, Vichai RОutrakul, εanat Pohmakotr, RaНООkorn Akkarawongsapat, Jitra δimthongkul,  
Chanita NapaswaН anН Narong NuntasaОn 1449 
 
Two New Oleanane-type Saponins from Hydrocotyle multifida 
εayra RОngifo Carrillo, AnnО-ClairО εitainО-OffОr, Thomas Paululat, δaurОnt Pouységu, StéphanО QuiНОau, δuis Rojas,  
CarmОlo RosquОtО Porcar anН εariО-AlОth δacaillО-Dubois 1453 
 
Two New Steroidal Alkaloid Saponins from the Whole Plants of Solanum nigrum 
Bui Huu Tai, Vu Van Doan, Pham Hai YОn, NguyОn Xuan NhiОm, NguyОn Thi Cuc, Do Thi Trang, Dan Thi Thuy Hang, Duong Thi Dung,  
Duong Thi Hai YОn, Tran Hong Quang, NguyОn Hai Dang, NguyОn Thi εai, Chau Van εinh anН Phan Van KiОm 1457 
 
Competitive Inhibition of Mammalian Hyaluronidase by Tomato Saponin, Esculeoside A 
Jian-Rong Zhou, Souta Kimura, Toshihiro Nohara anН Kazumi Yokomizo 1461 
 
Application of Racemization Process to Dynamic Resolution of (RS)-Phenylephrine to (R)-Phenylephrine く-D-Glucoside by  
Nicotiana tabacum Glucosyltransferase 
Yuya Fujitaka, DaisukО UОsugi, Hatsuyuki HamaНa, Hiroki HamaНa, KОi ShimoНa, εasayoshi Yanagi, εanami InouО anН Shin-ichi Ozaki 1465 
 
Cytotoxic Activity of Alkaloids from the Fruits of Piper nigrum 
Quynh εai Thi Ngo, Thao QuyОn Cao, δО Son Hoang, εanh Tuan Ha, εi HОО Woo anН Byung Sun εin 1467 
 
A New Oxoaporphine Alkaloid from the Root of Dasymaschalon glaucum 
WООrachai Silprakob, Nuntaporn Sukhamsri, Chutima Kuhakarn, Sakchai Hongthong, Surawat Jariyawat, KanoknОtr SuksОn,  
RaНООkorn Akkarawongsapat, Jitra δimthongkul, Narong NantasaОn anН Vichai RОutrakul 1471 
 
Boldine Does Not Modify Gender Specific Wound Healing in Zucker Diabetic Rats 
RОnata KöhlОrová, Eva ČОrmáková anН εilОna HajzlОrová 1475 
 
Phytochemical Analysis and Antimicrobial Efficacy of Macleaya cordata against Extensively Drug-Resistant Staphylococcus aureus 
εanОaН Khin, Alan ε. JonОs, NaНja B. CОch anН δinНsay K. CaОsar 1479 
 
Polyphenol Compounds Melanin Prevented Hepatic Inflammation in Rats with Experimental Obesity 
Natalia BОlОmОts, Nazarii Kobyliak, TОtyana FalalyОyОva, OlОna Kuryk, Oksana SulaiОva, TОtyana Vovk, TОtyana BОrОgova anН  
δiuНmila OstapchОnko 1485 
 
Antioxidant and g-Glucosidase Inhibitory Activities of Fisetin 
YikО YuО, YongshОng ChОn, ShОng GОng, Guizhao δiang anН BОnguo δiu 1489 
 
Simultaneous Quantification of Two Flavonoids in Morus alba by High Performance Liquid Chromatography Coupled with  
Photodiode Array Detector 
Chang-SОob SОo anН HyОun-Kyoo Shin 1493 
 
Chemical Composition and Cytotoxicity of Garcinia rubro-echinata, a Western Ghats Endemic Species 
δОkshmi N. εОnon, Ganapathy SinНhu, Kozhiparambil G. Raghu anН Koranappallil B. RamОshkumar 1497 
 
Antioxidant and Anti-inflammatory Activities of Cynaroside from Elsholtiza bodinieri 
Ying Zou, εin Zhang, Tingrui Zhang, JunwОn Wu, Jun Wang, KОhai δiu anН Nannan Zhan 1501 
 
Phenolic Constituents from Xyloselinum leonidii  
NguyОn Phuong Hanh, NguyОn Sinh Khang, Chu Thi Thu Ha, NguyОn Quoc Binh anН NguyОn TiОn Dat 1505 
 
Continued inside backcover 
